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EXECUTIVE SUMMARY 

This report documents the Correctwe Measures Study/Feasibility Study (CMSIFS) that was 

performed for the 881 Hdlside Area Operable Unit 1 (OU 1) of the Rocky Flats Environmental 

Technology Site (RFETS) The study was conducted in accordance with the reqltlrcments of the 

Rocky Flats Interagency Agreement (IAG) of January 1991 This agreement was slgned between 

the U S Department of Energy (DOE), the U S Environmental Protechon Agency (EPA) and 

the Colorado Department of Public Health and the Environment (CDPHE) The agreement 
specifies that the CMS/FS shall be conducted followng appropnate Comprehensive 

Enwonmental Response, Compensahon and Liabihty Act (CERCLA) and Resource 
Consewahon and Recovery Act (RCRA) guidance 

The pnmary source of guidance used in the preparaQon of this report was EPA s Guidance for 
conducrrng Remedial Inwhgmons  and Feasibility Studies Under CERCLA which outlmes and 

descnbes the requmments of the Nabonal 011 and Hazardous Substances Polluuon Contmgency 

Plan (NCP) In prcpanng this report data on OU 1 were obtamed from both the Phase III 
R C .  Factlity €nwshganon/Remedial Invesngahon (RFURI) Report and the Rocky Flats 

Envuonmental Database System (RFEDS) directly Where appropnate the more recent WEDS 

data were used to rewse contaminant distnbutron maps and site depictrons 

Followng standard CERCLA guidehnes results of the Phase III RFI/RI report were first 

examined to deteme pnmary site contaminants and exposure pathways Once these nsk 
dnvers were idenQfied, remedial actlon ObjoctIves (RAOs) and prehminary remediahon goals 

(PRGs) were developed to address nsks to human health and the environment In the case of 

OU 1 the Enwonmental Evaluahon (EE) portton of the Baseline Rtsk Assessment (BRA) did 

not idenbfy any current or future nsks to environmental receptors Therefore this report 

focuses on mmmmng the nsk to human receptors as idenhfied in the Public Health Evaluahon 

(PHE) porhon of the BRA The RAOs idenhfied for OU 1 are listed below 

1) Prevent the inhalacron of ingeshon of and/or dermal contact wth volattle organic 
compounds (VOCs) and vrorganic contaminants in groundwater that would result 
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in a total excess cancer nsk greater than 104 to 106 for carcinogens and/or a 
hazard mdex greater than or equal to one for non carcinogens 

2) Minimize further degradabon of groundwater beneath OU 1 by eliminatmg and/or 
contamng resdual subsurface soil dense non aqueous phase liquids (DNAPLs) 
to the maxlmum extent practmble 

3) Prevent the lnhalabon of mgesbon of and/or dermal contact with polynuclear 
aromatic hydrocarbons (PAHs) polychlonnated biphenyls (PCBs) and 
radionuchdes m surface sods that would result in a total excess cancer nsk greater 
than 104 to lod for carcinogens and/or a hazard index greater than or equal to 
one for non-cminogens 

4) Prevent exposure to carclnogcruc radionuclides UI surface soil hotspots that would 
result m an excessive short-term nsk to a human tcceptor 

These RAOs presented to EPA and CDPHE in Technical Memorandum (TM) #lo were 
selected to address the primary nsk exposure pathways idenbfied for OU 1 the pathways 

associated wth groundwater and surface soils Because surface soil nsks already fall within the 

acceptable nsk range of 10" to lob and because surface soil hotspots are being addressed 

through a recent Proposed Acbon Memorandum (PAM) altemabves were not developed for this 

medium as the RAOs an already acheved PRGs for RAOs dealmg wth groundwater were 

idenbfied by examrrung both nsk- and apphcable or relevant and appropriate requirement 

(ARAR)-based values The exposure route of groundwater mgesoon resulted in the hghest 

potentml nsk to a future on ate resident Therefore State maximum contaminant levels (MCLs) 

were selected as appropnatc PRGs for OU 1 groundwater 

After selechng appmpmte PRGs for OU 1 remedial acbon altemabves for groundwater were 
assembled that would pv~& vanous mceptual approaches for cleanup of the site The 

altemahves presented to EPA and CDPHE in TM #11 and selected for demled analysis 

followng a prehmxnary scranurg process were the followng 

e Altemabve 0 No Achon 
e Altematwe 1 Insbtubonal Controls without the French Dram 
e Mtemabve 2 Insbtubond Controls wth the French Dram 
e Altemabve 3 Modified French Dmn wth Addihonal Extrachon Wells 
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a Altemabve 4 Groundwater Pumping and Soil Vapor Extracbon (SVE) 
a Altemabve 5 Groundwater Pumping and SVE with Thermal Enhancement 
a Altemabve 6 Hot Air Injecbon with Mechanical Mixing 
a Alternabve 7 Soil Excavabon and Groundwater Removal with Sump Pumps 

These altemabves were subjected to detatled analysis as requmd by CERCLA and the NCP [40 

Code of Federal Regulatms (CFR) 300 4301 The cntena used to analyze the altemabves are 
the followng 

Overall protecbon of human health and the enwronment 
Comphce wth ARARs 
Long-term effecbveness and permanence 
Reducbon of tomuty mobility or volume 
Short term effecbveness 
Implementablllty 
Cost 
state acceptance 
Commuruty acceptance 

The two threshold cntona overall pmtecbon of human health and the enmnment and 

comphance wth ARARs, are statutory requirements that must be sabsfied by any altematwe in 

order for it to be ehgble for selechon as the preferred re&al acbon altemabve The five 
pnmary balancing cntena of long term effecbveness and permanence, reductlon in toxicity, 

rnobhty and volume, short term effectweness irnplernentab&ty, and cost are used to evaluate 

major pedormance objecbves fbr each altemabve The performance of each altematwe in 
addresung each pnmary balancmg cntenon is evaluated and then compared across altemahves 

to assist in the selecbon of a preferred altematlve 

The two modifymg cntena state acceptance and community acceptance evaluate the potentd 

acceptance of the prefcn'ed altemabve by regulatory agencles and the community These last 

two cntena are not evaluated una after formal public comment on the CMSIFS and Proposed 
Remedml Acbon PladProposed Plan (PRAPIPP) and are addressed m the final Correctwe 

Achon De!c~sron/Record of Decrsion (CAD/ROD) 
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For OU 1 the deWed analysls of altemahves demonstrates that Altemauve 1 Instxtuuonal 

Controls wthout the French Dram is the preferred alternative for groundwater remediation 

This altemabve consists of insbtutmal controls to prevent unauthonzed access to the 881 

Hillside area and disconbnwng use of the existing french dram system Groundwater modehng 

conducted to support the CMS/FS mdicates that under this altemabve the PRGs (MCLs) wlll not 
be exceeded at Woman Creek for OU 1 contaminants of concern (COCs) This altemabve 
results m one of the lowest overall costs, whde sbll achiewng a residual nsk level of 1 99 x lW 

at tlus location The associated peak concentrabon predicted for PCE (the selected mdicator 
chemical) is 3 60 x la3 mg/P This is below its respecbve MCL of 5 x lo3 mgll 

These values are considered extremely conswabve based on the assumptions used in the 
groundwater model (as discussed in Appendix B) Several significant loss mecharusms are 

currently not included m the model which tends to overestimate actual future predicted 

concentrabons In parhcular volatdmbon a slgmficant loss mechanism for the volatile organic 
compounds (VOCs) idenbfied as COCs for OU 1 would reduce the concentrabons of these 

contarmnants pnor to reaclung Woman Creek The retardabon and biodegradauon factors used 

in the model are also extremely conservative 

Altematwe 1 meets both of the threshold mtena discussed above as well as prowding long term 
effectwenew and permanence through natural attenuation and degradabon The toxicity 

mobdity and volume of OU 1 groundwater COCs would be reduced through dispersion 

biological degradation, and volatihzation In terms of short term effectiveness and 

implementability, tlus altematwe is one of the most implementable alternatives proposed, which 

results m the lowest short term nsks to workers the pubhc and the enmronmcnt If at any bme 

dunng the morutonng p o d  COC concentrauons appear higher than predicted the french dram 

sumps would be pumped to the Building 891 water treatment plant to prowde addibonal 

protection ThIs dtemahve results m a very low total present worth cost because msutuuonal 

controls are currently in place at the RFETS Monitonng would be continued under tlus 
altemauve throughout the institubord control penod 
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State and community acceptance of this altematlve will be evaluated after comments are received 
on the CMS/FS report and the PRAP/PP At this bme the results of this CMS/FS indicate that 

Alternatlve 1 Instltubonal Controls wxthout the French Dmn is the preferred remedial acbon 
alternatwe for OU I groundwater 
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1 0  IN"R0DUCTION 

This C o m b v e  Measures Study/Feaslbtlity Study (CMSIFS) report is part of a comprehensive 

program developed by the US Department of Energy (DOE) the U S  Enwronmental 

Protecbon Agency (EPA) and the Colorado Department of Pubhc Health and the Enwronment 

(CDPHE) Thls program is authonzed pursuant to the Rocky Flats Interagency Agreement 

(IAG) of January 1991 In accordance wth the requirements of the IAG thls CMS/FS report 
addresses prowsions of both the Comprehensive Enwonmental Response Compensaaon and 

Liabhty Act (CERCLA), and the Resource Conservabon and Recovery Act (RCRA) 

Background mformabon on Operable Umt 1 (OU 1) of the Rocky Flats Enwonmental 

Technology Site (RFETS) was obtatned pnmanly from the Phase III RCRA Facrliry 

InvesrrganonLUemedial Inwsngdon (RFUM) Report (DOE 1994a) However wherever 
appropriate more recent data wcre used to develop figures and contour maps presented herein 

These data were o b m e d  dvectly from the Rocky Flats Enwronmental Database System 

(RFEJX) and wcre used to supplement the informabon presented ~n the Phase III RFYRI report 

ms CMS/FS is based on the CERCLA RYFS process developed by EPA for the Superfund 

program (EPA 1988a EPA 199Ob) Essentially the process is deslgned to prowde decision 

makers wth a tool by whch they can make an informed deuslon regardmg the prefemd 

remedmbon altunabve for a suspected hazardous waste slte The methodology that EPA has 

estabhshed for tlus type of study is ouhed rn the Gudance for Conducnng Remedial 

Invesnganons and Feasibzly Studies Under C E R W  @PA 1988a) and is shown graphdly m 
Figure 1 1 Pursuant to the IAG, two techmcal memorandums (TMs) were prepared to present 

the general appn#rches ploposcd for the CMS/FS to tho regulatory agencies Involved pnor to 

submittmg the draft CMS/FS report Technical Memorandum #lo Development of Remedial 

Acnon Oblecnves (DOE 1994b), and Technical Memorandum #11 Dcvelopment and Screerung 
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for review and wlll not be f- smce they do not require formal approval 
received on the documents are mcorporated herem where appropnate 

Comments 

The method proposed by EPA can be viewed as occumng m three Qstmct phases These phases 
are (1) the development of altemaqves (2) the scnxmng of alternatwes and (3) the detarled 
analysis of altemtlves 

The fmt phase of the CMS/Fs mvolves detennrntng whch technologxs wdl be used rn the 
development of altemahves and then combmng these technologres to form a range of remedd 
altemtwe wens for the ojmable umt "hs cietermnmon 1s based on the followmg items and 

is documented m TM #10 and #11 results axe mcoqorated m Smon 2 0 of thls report 

Development of meda specdic r e m d  actton objecttves (RAOs) 

Development of medu spccdic general rcsponae acttons (GRAs) 

Identdimon of volumes and/or a m s  of the mah whch requm GRAS 

IdenbfkaOon and sc-g of tezhnologm and process mons for each GRA 

Evaluauon of process mons withm each technology type to select a representatwe 
process opQon for the development of remedud actlon altmatwes 

The second phase of the CMS/FS 1s an optronal step clepcndmg on the number of altematwes 
developed dunng the first phase If numerous waste management optms were developed after 
the screznmg of technologm then thm dtcmatwes can be screened to reduce the number of 

alternatwes that are cam& forward for W e d  analysls Thls screexung 1s conducted on the 

basis of effectweness mplementab&y and cost and 1s documented m TM #11 Results of the 
screenmg are m c o r p o d  rn Smon 3 0 of thrs report 

The final phase m the CMS/FS process 1s documented UL Smon 4 0 and consrsts of the detruled 
analysls of altematwes whtch were carned forward from the scmmg phase descnbd above 
In thrs phase the altematwes axe further refmed and analyzed m detarl with respect to m e  
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cntena as requved by the Natronal Od and Hazardous Substances Pollugon Contmgency Plan 

(NCP) The c n t e ~  are hsted below 

Overall promon of human health and the envmnment 
C o m p h c e  with Apphcable or Relevant and Appropnate Requlrements (ARARs) 
Long term effectweness and permanence 
Redumon of tomcity mobhty or volume 
Short term effectiveness 
Implementabhty 
cost 
State acceptance 
communlty accepuulce 

In the detaded analysis these cntcna are evaluated m two ways Fvst each altematwe is 

evaluated m&vidually on its abhty to sat~sfy the m e  cntena, and second the altematwes are 

subjected to a cornparatwe analysis (agatnst each other) to assess the reWve perfomance of 

each altematwe agamst the cntcna 

These chapters document the CMS/FS pmccss as it was appW to OU 1 of the 

Smons 2 0 through 4 0 contam the techcal basis for the select~on of a preferred altematwe 

whde Smon 1 0 pnsents the background for the report A site descqaon and hutory along 

with a summary of the extent of contammatxon and the results of the basehe nsk assessment 

are mcluded m this sechon Several appendms am lncluded to support the mfonnauon 

presented m the CMS/FS 

1 2  - 
The RFETS i s  a DOE owned fiich.j and 1s located approxmately 16 d e s  northwest of 

downtown Denver Colorado (see Figure 1 2) RFE"S occupies appmxunatcly 6,550 acres of 

federally-owned land m northern Jefferson County Colorado The majonty of the RFETS plant 

buddmgs axe located withm a 4oo-acre area referred to as the RFBTS secunty area The 6 150 
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acres sumundmg the plant buddmgs provide a buffer zone around the RFETS secunty area 

RFETS is operated and managed by EG&G Rocky Flats Inc for DOE 

In July 1994 the plant was renamed to the RFETS to better reflect its new mission of 
envmnmental restoraaon and the advancement of new and mnovahve technolopes for waste 
management charamnzaaon, and rcmedmaon Untd 1992 RFETS fabricated nuclear weapon 
components from plutomm, u m u m  beryhum and stamless steel Parts made at the plant 
were shppcd elsewhere f a  assembly Support amwes mcluded chemcal recovery and 

punficaaon of recyclable tnmsumc nubonuchdes and research and development m metallurgy 
machuung nondestnrctvetcsbng m g s  nmotecngmcenng chcmstry andphysics The 
produaon process at RPEETS resulted m the genentron of nuboachve and non radmachve 
wastes Onsite storage and -sal of these wastes has contributed to hazardous and 

mhoamve ccmtammatm m scnls, surface water and groundwater 

I 

1 2 1  

Pxewously Butldtng 881 was used for ennchcd u m u m  operations and stamlesssteel 
manufactunng The laboratafies m B u W g  881 also perfarmcd analyses of the matcnals 
generated m productm The buddmg IS located south of the plant on a south hcmg hdlside 

whch then slopes down to Woman Creelr Topogmphcally the hghest pomt near OU 1 is 
Buddmg 881, approxmately 6 OOO feet above mean sea level and the lowest pomt IS m Woman 
Creek about 5 830 faat above mean st8 level Two surface dramgcs occur m the wcmty of 
OU 1 Woman Creek flows along the base of 881 IUlsidc south of OU-1 and the South 
Interceptor b t ch  (SID) crosses OU 1 between the plant and Woman Creek A french dram was 
constructed m 1993 across a sigdcant pornon of OU 1 above the SID to collect alluvd 

groundwater as an Intenm Mea9ure/lnfenm Rem- Amon (IM/IRA) 

OU 1 mcludes 11 umts pmuusly i&nMkd as Indwidual Hazardous Substance Sites (IHSSs) 

where past aperatllonal pmchccs have multed m the contammtm of sods surface water, 

and/or groundwater Of the 11 IHSSs, two have been idenbfkd as hamg potenttally the most 
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contammaoon These two areas 8ce identtfied as IHSSs 119 1 and 119 2 and are referred to 
as Multrple Solvent Spa Sites The areas are located east of Burldung 881 and along the 
southern penmeter mad Begurnrng m 1967 these two areas were used as drum storage areas 

The drums contamed unknown types and quanohes of solvents and solvent wastes and possibly 
some rahonuchdes Drum storage opexahons were suspended at MSSs 119 1 and 119 2 m 
1972 OU 1 rncludes m e  addmonal IHSSs (see idenMiwon numbers m Figure 1 3) Bnef 
descnpUons of all OU 1 MSSs are rncluded m Table 1 1 

1 2 2  

The geomorphology of a ate can lnfiuence p0tent.d conmuant transport pathways mcludrng 
surface water and groundwater flow The geomorphology at OU 1 reflects the mteraaon of 
several erosional and dcposanal pmccsses on the bedrock and surtictal materials underlymg 
the site and accounts for the gently m h g  to modemtcly steep slopes developed on 881 Hdlside 
Subsequent to the mhal abng of the plant the temm has been mntouul#1 m several ~IWS at 
vanous tunes These dude the consbructton of Buddmg 881 the placement of fa and waste 
matenab m s e v d  areas mcludmg the amuactor yard and sevtrat MSSs the gradmg of roads 

at the site the constructm of the SID and most recently, the constnrmm of the frcnch dram 

The steepness of the hlls~de comb& with v~clcws construcuon and excavahon acbvioes at 
OU 1 has resulted III mechamcal farlure mamfestcd 111 widcspmd slumpmg of matenal The 
number of damaged wells on the hrllsldc tcstJfies to the prevalence of earth movement Previous 
studles have also &heated slumps III the 881 €bllsde area One study map shows the en- 
Wside as bee susceptllble to landshies (DOE 1994) 

1 2 3  

Groundwater hydrogeology has been a central component of three phases of study at OU 1 The 
most recent rntap-ons 111 the Phase III RFI/RI report m n t  a compIehcnsive evaluaaon 
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of the OU hydrogeology based on eight years of mvesbgat~on and monitonng Groundwater at 

OU 1 is present 111 the unconsohdatcd surficlal matenal consistmg of the Rocky Flats Alluvium 

colluvial matenal and the Valley Fdl Alluwm Groundwater is also inferred to occur locally 

m the upper porhon (i e 0 to 25 feet) of the Laramie claystone bedrock These umts contam 
unconfined groundwater and compnse the upper hydrostrabgraphic unit (UHSU) Groundwater 

also occurs 111 decpcr (>25 feet) bedrock sandstones and claystones of the upper Lararme 

Formahon Th~s bedrock u t  is labeled the lower hydrostrabgraphic urut (LHSU) and 

groundwater here is conked m places The Phase III RFI/RI results for OU 1 indicate the 

presence of these umts, based on thur dubitmg different hydrogmlogical charactensbcs 
although defhng the boundary is difficult 

Over most of the ute, UHSU groundwater flow occurs in disconnected northwest southeast 

trendmg channels that have been scoured mto the bedrock surface Bedrock hghs and hthologic 

vanabhty, notably the piesenoe of clay lenses, act to retard the rate of groundwater flow Flow 

has been observed m &de planes boundmg the slump blocks Parts of OU 1 par&cularly in the 

eastern mon arc only seasonally wet and conbun groundwater only 111 the spnng months 

when there IS lugh preapitatmn Groundwater levels across OU 1 arc higher m spnng than m 
the remi?under of the year 

Recharge to the UHSU is muumal and is pnmanly through infiltrabon of preapitabon, which 

ranges from 2 mches per hour for mfaal mfiltratm to 0 5 mches per hour for final (saturated) 

mfiltrabon Locaked sources of rccharge include seepage from the Rocky Flats Alluvlum to 

colluvd matcnals and former recharge from the Building 881 fmtmg d m  which has mce 
been rerouted to the french dram collechon system Flow from th~s dram averages 3 5 gallons 

per m u t e  (gpm) Dwharge occurs largely through evapotranspmbon and discharge at 

boundanes such as seeps, Woman Creek the South Interceptor Ditch (SID) and the h c h  dram 

(DOE 1994a) 

From aqu&r test data the average hear flow veloaty was est~matcd at 70 feet per year m the 

vimity of MSS 119 1 8 f a t  per year m the wanity of Buildmg 881, and 180 feet per year 
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w i h  the Valley Fdl Alluvlum The volume of UHSU groundwater at OU 1 was estunated at 
5 8 acre fee4 m January 1992 to 5 acm feet m April 1992 (DOE 1994a) 

Measured hydraulic conduchvifies vary widely because geo1ogm.I charactenstlcs that control 
permeabhtles vary widely m the materials that comprrse the unconsohdated mated of the 
UHSU The overall mge of hyhuhc condumvity values m a t e d  for UHSU mateds was 

3 x lU3 to 2 x loa cm/sec The hydrologx data show that a wide mge  of hydrauhc 

conduchvity values charactenze the surficral matcnals at OU 1 Also the horwntal hydrauhc 

condumvity values m bedrock appear to be 10 to 1 OOO tunes gmter than values m the v e m d  
W o n  whch mgc from 1 2 x 10' to 2 5 x la9 Water levels screened m the UHSU nse 

annually m response to spnag mchargc and &he dumg the rcmamder of the year (DOE 
1994a) 

Based on gioundwatcr level data from the french dram momtonng wells the ncently mstalled 

french dnun system appears to be cfkct~ve m captuxmg UHSU groundwater and aqueous phase 

umtammants mgmtmg f b m  OU 1 Data from Apnl 1993 a month of hqh precipitatlon 

showed that most of the UHSU moatfoMg wells were dry (DOE 1994a) 

This w o n  summarms the results of the nature and extent of c o n m o n  at OU 1 as 
presented m the Phase 111 RFWRI report 'Rus mfonnat~on is pmmted by contammant group 

with spcfic areas identdled as mpacted Table 1 2 summa~lzcs the contarmnants ongmally 

idenMied m the Pbase IU RpI/RI mrt far the m a i n  of groundwater surface sods subsurface 

sods surface water, and ivAImMlts 
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Table 1 2  
Contaminants Identified in the RFURI by Media 

Contaminant 

II Volatile Organic Compounds 
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Table 1-2 
(Continued) 

Contaminant 

I Polynuclear Arwnatic Hydmcarbo~w (PAW) II 
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Volatde orgamc compounds (VOCs) axe present m subsurface sods and occur m some IocaQons 
at hgh concentraaons m groundwater (> 1 0 mg/P) Chlonnated solvents occur sporadmlly 
and at low mncenmons (< 1 0 mg/kg) 111 subsurface sods throughout the MSSs Sources 
for the hgh concentmQons of these VOCs m groundwater have not been sampled but there is 
adequate cmumstantnl evdence to conclude that subsurface sods with hgh chlormated solvent 
concentraaons (sources) exlst Toluene occurs throughout OU 1 m subsurface sods at rehvely 
low concentratlons however the source of the toluene is unknown The occurrence of toluene 
m the OU 1 samples may be a result of laboratory or field mtroduced contammbon 

Three general source ams for VOCs 111 groundwater at OU 1 have been idenMed (see Figure 

1-4) Withm these thm general ams muhple release pomts appear ltkely based on 
mncentramn gnubents and chermcal fingerpmts The thne general source areas mclude 

South of Buddmg 881 
IHSS 119 1 area 
southeast of IHSS 119 2 

These areas axe dscussed further rn the followmg paragraphs For the sake of conslstency the 
terms used to define these areas are used throughout the report The terns are used m place of 
MSS desirnons because for the most part actual sources have not been conclusively 
detemmed for a l l  of these con- groundwater atas In addmon =-on measures 
would need to be ewaluated for the "plumes duectly and could not be h t c d  to mdwidual 
IHSSs 

Groundwater 111 W a m  contans gmmxdly low conccntmtms of chlonnatcd solvents mgmg 
from nondetccts to 130 pg/t as a maxunum However, the spgtlal dstnbutxm of the detecbons 
is mconsmnt and does not clearly d a t e  a &rete source In a Q o n  the dcscnpUon of the 
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hstoncal acwmes at MSSs 145 107, and 106 does not clearly md~cate use or d~sposal of 
chlomted compounds 

The maxunum -on of 130 pg/t of 1 1 1 mchlometbe (1 1 1 TCA) m samples collected 
from well 1 87 may md~cate IHSS 145 is a source However the results of a sod gas survey 
presented m the previous Phase I RI Repor& revealed no 1 1 1 TCA m the sod gas sample 
collected closest to well 1 87 and thus do not comborate the source 

Sod gas survey resulLs reveal a hgh c o m o n  of tetracbloroethme (PCE) m sod gas 

approxmatcly 30 feet southwest of well5287 and 1s shown on F~gure 1-4 as a suspected source 
area 'Ihs detection IS the second hghest out of w e d  hundred sod gas samples collectad at 
OU 1 suggestxng a source for PCE m subsurface sods and the possible extsfcIlct of midual 

dense nonqueous phase 4 w d  (DNAPL) (DOE 1994a) The lack of PCE detecuons m 
groundwater samples collectad fmm wells south of the sod gas detectron (well 548715387) 

suggest that either the solvent relepst drd not mch the water table (as a fne phase wetttng front) 
or that groundwater IS not pnscnt at the l m o n  of the rekase 

Documented waste storage pnctrces at &IS IHSS multed m the release of chlomatcd solvents 
whxh now pose a contrnumg source for VOCs m groundwater VOC concenmons am &ghest 
m the southwest w o n  of the IHSS T ~ I S  fact coupltd with the appar#lt presence of drummed 

waste as seen m tustoncal aerd photographs pcrm~ts appmxmate dcfhbon of the source ami 

m the southwest pornon of the IHSS WIWII h source area, md~vidualrelewes from drums 
cannot be resolved due to theu apparent small areal extent Howewer the results of the Phase 

I sod gas survey suggest wcraI locat~ons whch may repmmt the actual release pomts thus 
pemtttng an estunaton of where DNAPL contammants may have onlpnated A cornpanson 
of the chemcd swte detectad m gnnrndwater at ScvCzaJ locat~ons with the drum storage area 

revealed at least two wct c h d  mxtums One IS donmated by tnchlomdbne (TCE) and 
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1 1 1 TCA (well 0974) and the other is dommted by carbon tetrachlonde (CCl,) (well 1074) 

whch supports the multtple release pomt concept 

Given the assumed release mezhamsm namely lealung drums on the ground surface it is 
reasonable to assume that granty dnven wettmg fronts of chlonnated solvents may have 
advanced through the vadose zone and at 1- pomons of the saturated zone If consistent with 

solvent mgratlon theones as the wettmg fmnt passed it may have left behmd residual free 
phase chlonnated solvents m both the vadose and saturated zone Thu residual would thus 

consutute a umtlnumg source fm VOCs m gmundwater at tlus locatron 

A major findmg of the phase III RFI/RI was that chlomated solvents released at IHSS 119 1 

have Uely e n t e r e d  the UHSU as DNAPU Phase IlI RFI/RI results suggest that the DNAPL 

zone IS lmuted to the UHSU M y  b e n d  MSS 119 1 An aqueous plume of TCE, TCA, 

and several other VOCs has ban defined as emaaatmg from the DNAPL zone and has mgratad 

along the prefmtml groomdwater flow pathway "ius plume IS cumntly bemg 111tmcqtcd by 
the f m c h  dnun 

The m-on of VOC Contarmnabon m gnwndwatcr downgradrent of the western portlon of 
lHSS 119 1 IS currently lunrted by the b c h  dram whxh acts as a hydrauhc bamer 111 the 

UHSU The hmoncal m(uumum c o m o n  of VOCs m groundwater IS &€ined by well 

4787 although m general welt 4787 has had sporadtc low level detcct~ons of VOC contammants 

The extent of contammtm ongmbng from the urndentdied sowce is unknown Well 0687 

was destroyed dunng the co118fNcfloll of the french dram The french dram now captures all  

UHSU groundwater that once flowed through the a m  occupd by well 0687 

Concenmons of c h l d  solvents datected m two closdyspacd momtonng wells 

downgradrent of MSS 119 2 (wells 6286 and 6386) an attnbutcd to potentmud VOC release areas 
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at both IHSS 119 2 and outside the operable u t  The occutrences of these VOCs m 
groundwater withtn the IHSS mclude one m e  detecuons of 9 3 pg/P m UHSU well 34791 and 

0 1 pg/P LHSU well 4587 Chloroform detectlorn occurred three tunes m well 4587 with a 
maxunum detecbon of 18 pg/t 

Wells 6286 and 6386 contam contarmnated groundwater and axe located m a drarnage 

hydrauhdy downgm&ent from IHSS 119 2 Therefore a VOC release pomt IS suspected and 

is shown on Figure 1-4 based on the locatton of suspected waste drsposal featurn depicted on 
aenal photographs The location and slzc of thts suspected VOC release pomt IS uncertam It 

1s possible that contammataon frmn the 903 Pad IS also responglble for the VOCs detected m 
moxutonng wells on the Hrllsrde The 903 Pad IS upgnubent of the mpacted wells and is known 
to be a soum for CCL,, and other dmolved chlonnated solvents m gmndwater 

The occurrence of chlo& solvents m subsurface sods IS h t e d  to a m u m  -on of 

140 pg/kg in one borehole (BHS887) The o c c m ~ ~ ~  of VOCs m sod gas IS h t e d  to low 

levels of PCE and 1 1,l TCA at one locatron w i t h  the IHSS However the magmtude of the 

sod gas w o n s  IS several orders of magnttude less than those noted at Buldmg 881 and IHSS 

119 1 and are more repnseatatiVe of the local backgmd mud MSS 119 2 Nevertheless 

as was the case at IHSS 119 1 the pnsence of a VOC release pomt w i t h  MSS 119 2 

boundanes IS suspected based on the downgnuhcnt groundwater chemrstry 

1 3 2  

Metal contamrnants tnclude vamd~um and s&mum, both of w k h  arc sl@cantly elevated m 
groundwater These elements arc not elevated m surface or subsurface sods Although these 

substances were not reportbd to have been assocliitdd w d  wastes sslmd or- of at OU 1 

they appear to be elevatedpnmanly m areas whem VOC wastes were at OU 1 It 1s 

postulated that these metals arc undocumented consatue of wastes stored at IHSS 119 1 It 

IS unhkely that they were leached from the sod by orgmc wastes -sed of at OU 1 smce 

hydraulic od and chlonnated solvents have poor chelation prapertres and are not strongly aci&c 
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or basic Nevertheless tbe potentml for leaclung of these metals exrsts Altematwely these 

constituents may be naturally OcCurmLIg however there is rnsufficient data to support either 
conclusion Four areas have been identxfkd at OU 1 with elevated selemum andor vanadium 
as &scussed below 

Muluple m o n s  of s e l a u m  and v d u m  were noted 111 momtonng wells located rn the 

southwestern portron of the IHSS @gum 1 5) Typically the elevated metah were seen 111 

assocntm with VOCs In parhcub, the lughest metal conccntratron (2200 pglt of Se) was 
detected m a well with one of the b h a t  VOC cowenmoos anywhere at OU 1 (Well 1074) 

The m u m  downgiadrent extent of selmum m groundwater at IHSS 119 1 appears to be rn 
the vicuuty of well 0487 The OCCZUZM~CC of vanadnun is srmtfiv to selenium except that 
vanadlm only occufs above badcgrcnld m UHSU wells 

One detectroa of v d u m  was noted at well 5387 at appmxmately ax tunes the background 
level of 30 mg/P Thrs well exhbits conccnmons of vanous chlorinated compounds rn the 1 

to 25 pglf range Several potmtd VOC source areas have ban dentdied M the area south of 
Buddmg 881, however wcll 5387 IS not pattlcularly close to the suspected source areas 

Nevertheless it 1s mncuvable that the VIUllLdlllm prcwent m groundwater at 5387 repmats a 

plume ongmatmg from one of the VOC source areas prcwously ducussed The extent of 

v d u m  concenwons above background near Bu- 881 appears to be h t e d  to the 

rmmednte vicmty anwnd well 5387 

One dctechon of W u m  and t h e  daemons of s e b u m  were notad above the backgmnd 

level m welt 6986 No dctcctlons of VOCs have beea nosed at thrs well It 1s unclear whether 
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these detecaons represent contammaaon or naturally occumg levels as the m-um vanadium 

and selemum concentmuons represent 126 percent and 194 percent of background respechvely 

Based on these relatwely low levels a contammant source is not suspected m thls area 

Southeast Comer of IHSS 13Q 

Vanahum is the only contarmnant detected at ths locatton over background levels A maxlITlum 

of 403 pg/P was detected at well 37191 whch represents appmxrmately five tunes the 

background level Only exc&gly low levels of VOC contarmnauon (e0 5 pg/P) was found 

m assocubon with the vauadmm The extent of vanahurn and selemum contammaon m the 

southeast comer of IHSS 130 appears to be hmted to the unmete vicmty around well 37191 

1 3 3 Semi volatde 0- Corgpounh 

The only semivolatde orgatuc compounds (SVOCs) that are identtfied contamrnants at OU 1 are 

PAHs and PCBs Although PAHs are considered to be OU 1 contarmnants 111 the Phase III 
RFI/RI they are not considered to be of OU 1 o n p  PAHs occur over most of OU 1 m surface 

sods and tend to decrease m concentmaon with depth PAHs have also been detected UI 

sedunents Several areas of OU 1 have been identrfied where PAHs appear more concentrated 

relaave to the surroundmg ama The areas do not comcide with IHSS locaaons (see Figure 1 

6) The sources for the PAHs at OU 1 are presumed to be general urban fallout mcludmg 
asphalt dust and larger parhcles vehcle exhaust and funrace exhaust 

1 3 4 Polvchlonnated Bi- 

PCB occurrence is restncted to IHSS 119 1 and 119 2 surface and subsurface sods (Figure 1 7) 

One PCB detmon has been also noted m &merits However sediments are not addressed 

as part of the OU 1 CMS/FS and m a b o n  this detectton was at the western OU 1 boundary 
and is not considered of OU 1 o n p  The contarmnant release mechamsm for PCBs is 

unknown 
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1 3 5  Radlonuclldes 

Amenaum plutomum, and uraruum have been idenbficd as OU 1 contaminants and are elevated 

rn surface and subsurface sod In addibon plutomum and amencium are evaluated in surface 
water and sediment The wdcspre!ad plutomum and amencium contaminabon appears to be a 

result of deponbon of wmd-dtssemmatcd plutomum/amencium-contammatcd dust ongmatmg 

from the 903 Pad Area A geslerai decrease rn acbwbcs is noted from east to west ranging from 

a maxlmum of 22 7 pCdg to 0 0076 pCdg of plutonium and 4 15 pCdg to 0 0129 pCi/g of 

amenaum (see Figure 1 8) 

In contrast to the wdc-spread plutomum/amenclum contammabon, localrzed hotspots are 

present at OU 1 that are markedly contanunated wth ather plutomum/amenaum or u m u m  
These "hotspots" are postulated to have ansen f b m  releases of radmuchde-contarmnated liquids 

stored 111 drums at OU 1 and arc bang addressed through an early removal actm discussed 

later 

UnUe plutomum and amcnaum, watllum contarmnatton is not wdc-spread, although it is 
significantly elevated at discrete locations m surface and subsurface sods at OU-1 Uranium was 
below background levels at SS100393, slightly above background at SS 100493 and agnificantly 

above background at SS100193 and SS100293 The low levels at SS100493 coupled wth 
u m u m  233 234/uraruum 238 ratIos of approximately 1 to 2 suggest the u m u m  may be 
naturally occurring The hghest act~wt~cs of u m u m  at SS100193 and SS100293 occur just 

beneath the surface as the deeper compostes have the hgher actIvibes The maxlmum total 

uranium act~wty at SS100193 is approxmately 550 pCi/g wth a u m u m  233 234/uxamum 238 
act~vity rat10 of 3 5 " h s  suggests contammbon wth ennched u m u m  The miuumum total 

u m u m  m w t y  at SSlo(n93 w approximately 240 pCdg wth an actIwty rabo as hgh as 160 

Th~s suggests cantarmnation wth uraruum-233 as the act~wty rat10 far exceeds that for ennched 

u m u m  
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"ius muon ~ISCUSS~S potentd mechamms by whxch contarrrmants idenMied m the Phase III 

RFI/RI can mrgrate Although several mechamsms are identdkd m the followlag sect~om, the 
groundwater medmm u the most si@icant pathway Figure 1 9 depicts potent& groundwater 
mrgratIon pathways Note that tim f i p  does not mclude the volume of groundwater avadable 
for transpo~t Many areas of OU 1 are cumtly dry and mmam dry throughout the year The 
rmgxabon pathways presenad M the figure merely present potentd pathways assurmng adequate 

groundwater IS pnsent 

1 4 1  

The release mechamsms for VOCs at OU 1 arc varied mcludmg pure product leakage from 
stored drums possible leakage of a t e  aqueous solubons of VOCs h m  p q e k s  and seepage 
of aqueous VOC soluaan~ of pure product from mpoundments and dwrposal pits In the a m  

south of Burldrng 881 the mlease m a w s  W l y  to have occurfed mlude lealung pipebes 
and leakage from mpoundmeats and drsposat pits In the western porhon of OU 1 (IHSS 

119 1) the release mechmsm IS most Wly leakage from dnuns stored on the land surface 

Once the co-t has entwd the subsurface the pathways for VOC rmgratlon rnclude 
gravity dnvem wettlng fronts of aqueous solubons and/or small volumes of pure product through 

the vadose zone to the watcr table In the case of pum pmiuct, the density of the p w  
chlorxnatcd solvent would allow the con- to mgratc v e r t d l y  through the saturated zone 
Thermgratsonaspureproductwouldbtarnstedoncethcwe#mgfrontof~~~~onbecame 
depleted by the pmccss M wtuch r e a d d  product IS retaured by sods and rock Altematwely 
the rmgratlon would stop once the puz product came to rest u1 a tapographc low on an 

rmpermcable surface (possibly the Lanunme claystom) At ttus pomt, m-on would conbnue 
la the form of an aqueous phase hydrocarbon plume (If gmundwater IS present) F9ecqimon 

and mfilmon would also collbnbutc to VOC rmgratron as pum cblorxnatcd solvents are 

drssolved and transportdl downward by mfilttratmg snowmelt and ramwater 
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The dissolved phase plume would migrate wth the groundwater being retarded to varying 

degrees as a funchon of the phyncal and chemical proputles of the contaminant geologic 

matenals and groundwater In the case of OU 1 the organic contaminants idenhfied in the 

Phase IIl RFYRI report are pnmanly retarded by the clayey matenals M the subsurface 
envmnment "his is due to the relatwely low orgamc carbon content of the sods found in OU 
1 Retardabon is parhcularly srgmficant for OU 1 Conmunants wth hgh K, values Ue CCL, 

(DOE 1994a) 

At OU 1 the shallow groundwater, whxh camw most of the contammauon IS controlled to a 
large degree by the topossaphy of the badrock surface Actwe channels m the bedrock are 

covered by unconsohdated matonal of varyurg thickness that IS vanably saturated Typically 

groundwater wdl flow towards the axls of the bedrock channel and conhnue downgradient along 
the axls of the channel potentlauy to the Woman Creek Alluwum Therefore at OU 1 an 

aqueous phase hydrocarbon plume m groundwater has the potcnttal to discharge to Woman 

Creek although th~s is not W y  due to the low uubal volume of c o n m a  of concern 
(COCs) aviulable for transport However the austmg €tench drarn acts as a hydrauhc bamer 

preventmg the discharge of eoncsmrnated groundwater m the westem and central porttons of OU 
1 to Woman Cnek In the eastern porhon of OU 1 the potent~al exlsts for contmuous 
contarmnant rmgratlon pathways in groundwater from the suspect source areas to Woman Creek 
However conclustve wdence of thts occurrence has not ban found, and the COC 

concentrations found to date hrmt the amount of contammaOon andable for transport 

VOC-contammated groundwater may also discharge to surface water through seeps whch have 
histoncally been observed at OU 1 (DOE 1994a) While VOCs m surface water have been 

previously detected m the SID the recent construcbon of the h c h  dram has intercepted th~s 

Pathway 

Other mgm&on pathways for VOCs mclude v o l a m o n  of pure product mto soil gas and 

subsequent mtgratlon of sod gas laterally and vcrtlcally away from the source arca VOCs can 
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also parbbon out of contammated groundwater mto sod gas or desorb from orgamc matter mto 

the sod gas 

VOCs would not be expected to nugrate m sigdicant quanahes through surface water or wmd 
transport of VOC contammated surface sod Thls u based on the assumphon that VOCs would 

quickly volatdm from the respemve m& One apparent excephon to ths is the occumnce 

of toluene m OU 1 surface sods Although there is no evidence to suggest that toluene is 
migmtmg through surface water or wmd it apparently is persistent 111 near surface sods despite 
its relatwe hgh v o u t y  

142 &let& 

The mechamsm for the releast of metal contaminants mto the envuonment is less clear than for 

VOCs It is presumed that selemum and vanadum am undocumented RFETS wastes that wexe 
assocnted with the VOC wastes stored and Qsposed of at OU 1 It is unlrkely that they were 
leached from the sod by orgamc wastes -sed of at OU 1 slllce hydrauhc od and chlonnated 

solvents have poor chelation properties and are not strongly aa&c or baslc Nevertheless the 
poten@ for leaclung of these metals exlsts Altemalzvely these constments may be naturally 

occurring however there 1s msufficient data to support either conclusion In either case the 

pmary migratm pathway is as a dusolved phase contarnurant plume m groundwater 'Rus 

nugrabon pathway was pmiously presented for VOCs 

143 volat.de 

It is presumed that PAHs were deposited at OU 1 as fallout of cornbumon products or wmd 

blown asphalt dust Asphalt dust and larger parUcles may also have been transported and 

deposited by vehtcles traversing OU 1 or by &spod of asphalt waste at OU 1 

Once m place the dqersion mecharusms mclude vemcal m-on by mfiltmtmg surface water 

carrymg small partdes composed of PAHs The low solubrlrty and hgh k, values of PAHs 
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precludes mobhabon of si@icant quanbbes m the lssolved form therefore transport via 

groundwater is not sigdicant Other transport mechamsms rnclude surface water and wmd 

transport of particulate 

1 4 4 P o l v c h l o m  B- 

Transport rnechamms relevant for PCBs are s m h r  to those for PAHs however the source 

areas for PCBs are more &=rete than for PAHs FCBs are expected to be very unmobde gwen 

the hgh k, values and the hgh carbon and clay content m surface sods at OU 1 Adsoxpbon 

of FCBs at OU 1 1s expectad to be substantd on sods and clay p m l e s  (DOE 1994a) 

1 4 5  

Transport mechantsms relevant to mcbonuclrdes am slmllat to PAHs In parbcular plutomum 

has a strong affimty for the mhd phase and wlll not be middy mob- by precipitabon and 

mfidtrahon Plutomum 1s strongly adsorbed to clay partxles and 1s expected to undergo strong 

cabon-exchangc xeactmm due to its strong posiuve charge (DOE 1994) The pnmary transport 
m e c b m  for plutomum 1s wmd dtspersion 

The OU 1 Baselme Rtsk Assessment (BRA) consists of both a pubhc health evaluabon and an 
envuonmental evaluabon The pnmary purpose of each evaluabon 1s to examme the current and 

future nsks assocnted with amtammnts identdkd dumg the analysu of the nature and extent 
of contarmnatton The followmg sub-om summarize each evalwon and provide an overall 

summary of the nsks assocutmi with OU 1 
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1 5 1  h b l l c H & h E  V m  

Dunng the course of the Pubhc Health Evduahon 0 site populabon and land use data 

were analyzed m order to devise several representatwe exposure scenanos (potentally exposed 
receptors) for assessrng the nsk to current and future human health from 1dentdk-I contamrnants 
at the 881 Htllside Azea For each of these scenarios pathways were traced whch represented 
exposure mutes from the source to potentml receptors 

Pathway elements were exarmncd relabve to the results of the Phase III field mvesbgabon whch 
m&cated that contammtxon exlsts m groundwater surface sods subsurface SO&, sedxments 

and surface waters The contanunants idenaed xn these areas mcluded VOCs PAHs P a s  
morgamc contamrnants and radronuchdes The contamnant release mechamsms evaluated were 
leachmg volathabon resuspenslon of part~culates by wmd etc Potentul transport medm 
identified were surface water gmndwater, au sod and biota The exposure mute (the route 
of entry xnto the human body) for these mcdu mcluded xngestlon -on, and dermal contact 
In accofd8ncc with the Risk Assessment Giudance for &ptq%nd Volume I Human Health 
Evaluation Manual (Pan A) @PA 1989a) If any of the above-menboned pathway elements IS 
misang the pro~ected mxptor wdl not receive a chemcal or radtonuchde dosage and no excess 
nsk wd emt from that Contarmnaat 

The OU 1 physical enwonmeat mcludmg the fmnch dram and treatment system was used with 

mform&on about the potentrally exposed popuhon land use sccmanos and exposure pathways 
to form the conceptual site model Th~s was evduated to idcnt~Q complete pathways for 
credible and plausible expome scttllvlos The followmg describes the spec& land use 
scenanos and pathways selected with the conceptual site model for quanWatwe assessment 

Current Off Site Resident 

- Inhalabon of avborne part~culates 
- Sod mgeaon (followmg depositron of part~culates on zltsidentd sod) 
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- Dermal contact with sod (followmg W r n e  deposiuon of parhculates) 
- IngesUon of homegrown vegetables/fruit (followmg surface disposiuon and uptake of 

particulates) 

Current On Site Worker 

- Inhalafion of iurborne partrculates 
- Sodrngestxon 
- Dermal contact with sod 
- Sedunent mgestlon - Dermal contact with sdment 
- Surface water mgestlon - Dennal contact with surface water 

FutureOnSiteWorker 

- Inhalabon of VOCs m endower au (office worker only) and outdoor au (construmon 
worker only) - m)ultrtlon of anborne pamculates 

- Sodmgmf~on - Dermal contact with sod 
- Sedmcnt m g a o n  (office worker only) - Dermal contact with mimeat (office worker only) - Surface water m-on (office worker only) - Dermal contact wlth surface water (ofice worker only) 

Future On Site Ecolog~cal Researcher 

- Inhalation of avbornepartlculates - Sodmgcst~on 
- Dermal contact with sod - Sedm~trngestlon 
- Dermal contact wth scdmcnt 
- Surface water mgcshon 
- Dermal contact witb surface water 

Future On-Site Resident 

- -on of tndoor VOCs from basement vapor - -on of parttculatcs 
- Sodmgeshon 
- Dermal contact with sod - Sedmentmgestlon 
- Demd contact with sedment - Surf' water mgesQon 
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- Dermal contact with surface water - Ingesbon of homegrown vegetables/frurt (followmg surface deposrbon of pamculates 
and uptake) 

In addibon four specml cases of the on site resident& scemos were mcluded to show the 

unpact of the use of groundwater and to evaluate nsk at the source It should be noted that 

groundwater yield was examrned through several UHSU well smulabons as part of the BRA 
These smulabons m&catcd that the yield of c o n n t e d  groundwater m MSS 119 1 is 
madequate to support a household of four people (see Appendur F) 

The results of the BRA m&cate that only the medm of groundwater and surf8ce sods present a 
nsk greater than the acceptable nsk range of 10' to lod The rrsk to a human -or from 
exposure to groundwater contsrmnants of concern (COCs) IS dnven p m d y  by the exposure 
routes of mgeaon *on of volatdes and dermal colltact For a future on site resldent 

h s  nsk IS on the order of IO3 to IO2 but apphes only to exposures occumng drrectly at MSS 

119 1 f i s k  results excludmg ths source locat~on are much lower for groundwater 

The nsk to a human rrrcptoT from exposure to surfsIct sod COCs IS dnven pnmardy by the 
exposure routes of w o n  of vegetables mgcmon of sod lnhnlatlon of parhculates and 

dermal contact For a future on site mudent thxs risk IS on the order of lo3 It should be 
noted however, that t h s  nsk IS based on OU 1 srtewlde average donuchde concentrabons 
These average md~onuclrde c~IlctlltratSoDs mclude a few arcas of hgh contarmnant 
concentrabons (1 e hotsposs ) that are lunttcd m extent and only cxlsf w i t h  the boundanes 
of MSSs 119 1 and 119 2 These hotspots are currently scheduled for remedmon under an 

early removal actron for OU 1 and wdl be remedxated to measured background concentralaons 
The nsk to a f u t m  on srte resLdcllt exchdmg the hotspots IS on the oder of los RI& results 
are summanzed m Tables 1 3 and 1-4 
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Table 1 3 
Summary of OU 1 Pomt Estmates of CarJllogdc Rsk 

1 1  Dlchl- 

1 1 DIchloroethene 

P l U m m 2 3 9  240 

current 

On Site Worker (Sscunty 1 x la4 Plutonlum239 240 Inhalation of dust 
spaclnllst) 

Off Site Resident (Adult) 2x106 Plutomum239 240 Inhrtatlon of dust 

Ingertlon of groundwater 

Ingea&on of groundwater 

Inh.l.hon of dust 

Standard Future 

Future On Site Worker 2 x l o J  Plutonium-239 240 Inh.l&on of dust 
(Office) 

Future On Site Worker 4 x io7 1 1 D l c h l o ~ e n e  Idmiatton of volatdes 
(ColMtrllCtlon) 

On Slte EC41081cJ 2 x 1 0 )  Plumum-239 240 W & o n  of dust 
Researcher 

On Site Rmdeat (Adult) 3 x loj Plutonlw239 240 lnhnllhon of dust 

otberhrtrpe 

On Site Rodent (Adult) 
(Asoumtng A m -  
Groundwater At Source) 

On Site Resrdsat (Adult) 
(Gmundwm At Sorvce 
with Rlbllc Water) 

On Site Raideat (Adult) I 6 x 1 0 )  
~Sitew~de With Gmundw-1 

7 x lo-? 

4x10'1 

On Site Rendclrt (Adult) 
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Table 1-4 
Summary of OU-1 Pomt Estmates of Noncarcmoogemc R s k  

~ ~- 

Total Hazard Index 

On Site Worker (Secunty NIA 8 x 1 0 s  Pyrcne Dermal contact with soil 

Off Site Resident 1 x W '  6 x 1 0 '  Fluorene Ingcsbon of vegetables 

Standard Future 
Futurs &-Site Worker NIA 3 x la3 1 1 1 Tnchlorocthane lnbalrhon of volatlles 
(0ffi-l through foundation 

Future On Site Worker NIA 1 x l(r 1 1 1 Tnchloroethrne Inhalahon of volrtiles 
(camtluctlon) dunng excavatson 

on Slte Ecologlcd N/A 2 x  IC3 Pyrcne D c d  contact with soil 
RCSUfCilM 

On Site Rcsrdszlt 2 x lo2 5 x lC3 1 1 1 Tnchloroethrna InhaMon of volrtiles 

Sp.ClallSt) 

through foundation 

On Site R e a b t  (Sitew~da 
With Gmundw8ter) 

2 x IO+' 

3 x lo+' 

On Site Reaideat (Without 
S 0 U ~ l t h O U t  I Groundwater) 

7 x 1 6 3  
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As part of the overall BRA m envmnmental evaluahon (EE) conducted to ascerta~~~ whether 
contammahon resultmg from RFEIS actwiues m OU 1 may have mpacted or could adversely 
mpact ecolog~cal receptors m the vicmty where ecological receptors are opemt~onally defined 
as plants and ammals other than humans and dornestmted species 

COCs were selected for the BE based on a companson of m u m  concenmons of OU 1 
contammints to benchmark values COCs iden@& m the EB mclude VOCs PAHs PCB 

nuhonuchdes and sclcmum The EB evaluatsd the mpact that these COCs had on the followmg 
endpornts 

VegetahveCommumty 
Small Mammal Commumty 
Mule Deer Popubcm 
TOXIC Exposure to Top predators 

The results of the BE uadtcate tbat the concentmt~ons of VOCs m groundwater and PAHs and 

PCBs m sods are potenttally toxlc to ecologd receptors however the nstncted dmnbuhon 
of these contaxwants h~ the duratlon and frequency of contact with receptors and therefore 
lun~ts exposures 

1 5 3  

As mchcated by the PHBportm of the BRA nsks to human mqmrs at OU 1 are pnmanly 
associated with exposure to groundwater COCs Although thts mcdulm IS not avahble for 
current residentd use thts sccnano pmscnts the hghest arrd only, unacceptable risk per the 
NCP guidehe of lo(' to lob Enmnmental nsks currently have not been ibtdkd by the 
Phase III RFURI and thcxdm do not warrant further exammmon 
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OU 1 nsks are a result of wdespread contammatton found m low conmtratmns and m vanous 

media throughout the ate The Phase III RFURI results rndicate that for the most part rndividual 

IHSSs cannot bc assoaatcd dvectly unth any one contammint group or area Table 1 5 hsts the 

pnmary contarmnants present at each IHSS and summama how these contanunants will be 

addressed rn the CMS/FS 

The IM/IRA that was completed for OU 1 conslsts of a fimch dmn des@ to collect 

contammated alluvial groundwater from the operable unit and to prevent further downgradient 

migrauon of contammnts The IM/IRA mcluded a gmtechnical rnvesttgatm that was 

performed m order to evaluate the ate chanctensttcs along the proposed french dram ahgnment 

(EG&G 1990) Construchon of the fiench d m  began rn November 1991 and was completed 
in Apnll992 The water treatment plant located m Bddmg 891 is part of the WIRA and wdl 

be converted to sltcw~de uses Hmnafter thts plant is referrad to as the Building 891 water 

treatment plant 

The french draur was constructed by excavatmg a trench approximately 1 435 feet m length 

(DOE 1994a) The t m c h  was keyed mto bedrock matenal that dubitcd a hydrauhc 

conducttwty on the ordg of 1 x lob cm/scc A permeable membrane was placed on the 

upgradient side of the drarn and an impameable polyvinyl chlonde membrane was placed on 
the downgradient SI& of the dram A perforated pipe was placcd along the dram to collect 

groundwater, and the d m  was backfilled wth gravel and then soll Currently, groundwater 

collected from the dram IS fed mto an ultrawolet and hydrogen peroxldc (vv/H2w treatment 

umt for treatment of orgmc compounds Inorgaruc contanunants are tcmovcd v1a a senes of 
ion exchange columns 

An addittonal removal acttan is planned for OU 1 to remove surface soil radionuchde hotspots 
identtficd dunng the Phase 111 s u b  sod mv-gabon The Won is documented in a 

Proposed Amon Memorandum (PAM) and is mtendcd to &rmnate the plutcnuum and uranium 
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Table 1-5 
Summary of Primary IHSS Contaminants 

Disposition 

Considered in Budding 881 Area Groundwater contaminated with PCE and 
TCE 

Possible groundwater and subsurface soils 
contammated with low lwds of PCE and 
TCE 

Considered in Budding 881 Area 

Potenual toluene m subsurface and 
groundwater wide array of PAHs 

Not Identified as a source no 
action required 

Low levels of VOCs 111 groundwater PCE 
detected below daemon l d t ,  p o t d  
solvent a-on m soils at north end 

Considered I I ~  Buddmg 881 Area 
altbough not idemfied as a source 

Groundwater co- with chlorrnated 
solvents potential solvent 6 o n m o n  in 
sods at mrtb end 

Considered in Budding 881 Area 
although not identified as a source 

Groundwater c o e d  Wlth ChlOttnMsd 
solvents 

Coasrdered I I ~  Buildmg 881 Area 
although not identified as a source 

Growadwater contammud witb chlormted 
solvents and denrum possible DNAPL 
sources III subsurface radronuclide hobpots 

consIdaed under MSS 119 1 and 
Area East of 119 2 

R a d i o n u c l I d e - c o n m  sod and asphalt 
PAHs 111 subsurface sods 

No rlsk pathway for rads aad 
PAHs m subsurface soils no 
mon requlred Not identified as 
0 source of vocs 

Groundwater c u n m  wrth chlorvratsd 
solvents potential low level rad 
commxmon 

conS~!ercd xn Building 881 Area 
although not identified as a source 
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hotspots that are currently evaluated as part of the sitewde nsk This removal amon is 

scheduled to be completed prior to complebon of the proposed plan for OU 1 For the purposes 

of alkmabve development it wdl be assumed that the hotspots arc not present This assumpbon 

lowers the sltewde nsk from surface soil contaminants to lo5 and below for all exposure 

scenanos 
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2 0 IDENTIFICATION AND SELECTION OF TECHNOLOGIES AND 
REPRESENTA"ZW PROCESS OPTIONS 

This secbon summanzes the results of the idenMicauon screemg evaluauon and selection of 
technololples and representatwe process opbons used m the development of remedd acbon 
alternatwes for OU 1 InformaQon on how these actwbes are conducted is mcluded m the 
CERCLA RYFS guidance In general, the guidance identdies the followmg steps for selectmg 
representatwe process opttons 

Develop medut spec& RAOs 

Develop meda-spcdlc GRAs 

Iden- volumes and/or amas of the medn whch raquue GRAS 

Iden* and scm technologws and process mons apphble to each GRA 

Evaluate prooess ophons w a  each technology type to select a representatwe opQon 
for developmg rcmednl actlon aItemaWes 

Thts W o n  summ(v~zts how these steps were apphcd to OU 1 0ng.mally two tecbcal 

memoranda were prepared to seek input fmm the regulatory agencies on RAOs prebmary 
rem-on goals (PRGs), and the altematwe development process A f d  version of TM #10 

and a draft final v c m  of TM #ll were submitted to the agcnaes m Apd 1994 Comments 
were received on both documents and w m  lllcorporated m ths report where appmpnate The 
techmcal memorauda wlll not be mbnutted but are avahble for micw m the admuushatwe 
record 

Elements from both techad memoranda are mcluded m thls w o n  and m Smon 3 0 
partmlarly where specdic comments are bemg addressed However, the detauled calculabons 
mvolved m estrmatrng PRGs and the screemg and eval-n of technolomes and process 
m o n s  are not mcluded m tlus report Thls m f o m o n  15 presented m T M s  #10 and #11 and 

15 summarlzed m thts scctlon and sectlon 3 0 
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The hst of contammints ongmally idenwied m the Phase III RFI/RI is presented m Secbon 1 0 

of th~s report Potend contarmnants IdenMied early m the RFWRI process were subjected to 
a mulb level scmmng process that identdiexl COCs for mclusion M the PHE and EE The 
screemng proccss shoaened the hst of potentd c o n m t s  to consider further as nsk 

contnbutors the process IS presented m detad m the Phase III RFI/RI report Contamrnants that 

survived the nsk based sc- pmcess were designated as COCs m the BRA 

The PHE and BE p-t the results of COC scmmngs that w m  performed to identrfy potend 
nsk contnbutors to human and ccolog~d receptors resptxbvely The COCs identdkxi rn the 
EE were the followrng 

e 

e 

0 

0 

0 

e 
e 
e 
e 

e 

e 

0 

carbon tetrachloride 
1 1 Qchlometbme 
tC?tIXhlOrO€?thetM3 
1 1 1 t r l c b l o ~  
tnchloroethene 
toluene 
selemum 
PAHS 
P C B S  
amencium 
plutomum 
u m u m  

Because these contamrnants do not contnbute a signtfimt mlc to ec~log~cal receptors and no 
adverse mpacts are curmtly identdied m the EE they axe not evaluated separately m thrs 

repoa 

However groundwater COCs dentdied m the PHE are a potentd concern at OU 1 Rtsks 
assocnted with exposure to these COCs exceed 104 at IHSS 119 1 The followmg COCs were 
idenMied for groundwater 
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carbon tetrachloride 
1 1 &chloroetbene 
tetrachlomene 
1 1 1 tnchloroethane 
selemum 

Surface sod COCs were also idenMied m the PHE mcludmg PAHs PCBs and ra&onuchdes 
However ra&onuchde contanunants assocliited with wrndblown dqersion of OU 2 colltarmnants 
(from the 903 Pad) are not addressed m this report The mhonuchde contarnurants consist 
pmanly of low concenmons of amenciurn and plutomum spread across seved operable 
wts These mhonuchcies must be addressed as a whole through the m d u m  and source where 
they on- "herefme, m order to develop appmpmte r e m a  amon altematwes the 
adrmntstratwe transfer of rad~ondde contammts to OU 2 i s  currently m progress 

In ad&hon several rad~onucl~dc hotspots were identfied m OU 1 as nsk contnbutors These 
hotspots are currently scheduled for --on under a removal action and are therefore not 
considered for dtemat~ve development 

PAHs and PCBs are the only COCs rcmamng for evaluaQon m surface sods Excludmg 
mhonuchdes the hghest nsk assocntcd with PAHs and PCBs m OU 1 surface sods i s  on the 
order of le Thrs IS snxular to background nsks from PAWS m urban ams and IS w i t h  the 
acceptable nsk mge speclfiad m the NCP (10" to lo", Because PAHs and PCBs m surface 
sods do not present an ummptable nsk and cannot be physlcaUy mlated from the mhonuchdes 
m surface sods bemg addrwsed under OU2 these co- are not mcluded m the 
development of act~on alternat~ves 

As d~scussed m Sechon 1 0, the BRA mhcates that no medm other than groundwater and surface 
sod result m a nsk greater than lob nor do they result m adverse mpacts to envmnmental 

meptors In add&on surfkcc water and sedunents evaluated m the BRA are bemg addressed 
through OU 5 For these reasons no COCs are identdied for any meda except groundwater 
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and surface sods 
contammQon and are &-sed through the groundwater COCs RAOs and GRAs 

Subsurface w l  COCs am i d e n a d  as a possible source of groundwater 

2 2 Summarv of Remgi-bpmv@ 

RAOs were developed usmg appmpnate regulatory guidehes (1 e CERCLA RUFS guidance 

and the NCP) and by examrncng the COCs idcnt&d m Smon 2 1 and theu assoClsLttd exposure 
pathways Bnefly the RAOs for OU 1 are the followmg 

Prevent the mhahon of mgestlon of, and/or demd contact with VOCs and morgamc 
contanwants m groundwater that would result m a total excess cancer nsk greater than 
104 to lob for carcmogcns and/or a bamd rndex greater than or eqd to one for non 
carcltlogclls 

Muumrze further d e m o n  of groundwater beneath OU 1 by ehmmatmg and/or 
contammg mdual subsurface sod DNAPU to the maxunum extent practicable 

Prevent the -on of mgcstmn of andor dcxmal contact with PAHs PCBs, and 
~on~dcsmsurface sods that would result m atotalexcess mcernsk gmatcrthan 
104 to 106 for carcumgens W o r a  hazard mdex gtrraterthan or eqd to one fmnon 
=mws 
hven t  exposum to carcmgemc radtonuchdw m surfsLct sod hoapots that would 
result m an excessive short term nsk to a human rccfptM 

These RAOs are used to deterrmne what area or areas of OU1 requm medd -on 
evaluabon and ate quanbftcd through the use of PRGs The thud and fourth RAOs ltsted above 
are already bemg addmsed thrrwgh the OU 1 surface sod hotspot removal mon Thrs actxon 
along with the dmmtmtwe transfer of other radmnuclxles m surface sods to OU 2 wlll result 

m a residual nsk level wthm the acceptable nsk m g e  of 10' to lob Therefon the focus of 
this report IS on meebng the first and sccond RAO wbch am concerned with groundwater 
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2 3  {on- 

PRGs are generally identlfed through use of readily avadable mfonnatlon such as chemical 
speclfic ARARS or other re)lable mfonnatlon @PA 199Oa) Where ARARs or to-be 
considered (TBC) cntena are not avadable PRGs are developed on the basu of a 106 pornt of 
departure nsk for each chermcal withm a pven m d u m  Th~s also apphes when ARARs are 

not considemi sufficiently p-ve because of the presence of multlple contammants or 
multlple pathways of expsure Note that PRGs developed at thrs stage an? consided mtnl 

goals whch may be revised through the course of the CMS/FS The followmg sect~ons present 
the sourccs of mfommon used for idendfjmg appropriate PRGs for OU 1 both chermcal 
specfic ARARs and &-based cleanup goals Bxlstrng potentd OU 1 chermcal specfic 
ARARs am cumntly the basis for altername development 

2 3 1  J ’ o b o r b  

CERCLA Sectlon 121(d)(2) pmmdcs a statutoxy baas for dctemmmg ARARs m a r e m a  
amon context commmg hazardous Substances, pollutants, or contammam that wdl  fernam on 
site 

If any standard q u m c n t  cntcm or butahon under any federal cnvmmmental law 
or any [more stnagent] promulgated standard raqwemcat mtem or lmmon under a 
state envmnmW or facrltty si- law is legally apphcable to the hazardous 
substance concerned or IS relevant and appropriate un& the cvcumstanccs of the release 
or threatened release of such hazadms substame pollutant or contammuit the remedal 
amon shall reqm at the comphon of the remedud m o n  a level or standard of control 
for such hazardous substance pollutant or contammant whrch at least a#aurs such legally 
apphcable or relevant and appmpnate standard rcqumment cntena or h m o n  [42 
Untted StateJ Code (USC) -6 9621(d)(2) J 

where apphcable nqummmts” am those 

cleanup standards standards of c o n t d  or other substantwe enwonmental 
p-on q u m e n t s  cntma or hutatlons promulgated under federal 
envmnmental or state enwonmental or fachty sitmg laws that s p e c f i d y  address a 
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hazardous substance pollutant contamrnant =medal acuon locauon or other 
cmumstance found at a CERCLA site Only those state standards that are idenflied 
by a state m a tunely manner and that are more stmgent than federal requmments 
may be apphcable 

Amrdmg to the NCP and the CERCLA Comphance wrth Other Laws Manual (EPA 1988b) 

Relevant and appmpnate rplpumats are those cleanup standads standards of 
conml, and other substantrve requuements cntena, or h m o n s  promulgated under 
federal envmmental or state envmnmental or fachty sitmg laws that whde not 
apphcable to a hazardous substance pollutant contamrnant remedd actron locauon 
or other cmmstance at a CERCLA site addreas problems or sltuaaons sufficiently 
s b  to those encountered at the CERCLA site so that tbtlr use 1s well suited to the 
part~cular site Only those state standards that are idcntdied M a tmely manner and 
are more -gent than federal q u m e n t s  may be relevant and appmpnate 

Chermcalspec& ARARS wexe idtnbfied m accordance with CERCLA guidance and the 
requmments of the NCP [see 40 Code of Federal ReguWns (CFR) Part 300 Subsectlon 

43O(e)(2)(i)] chemrcal qxdic requvements under a vmety of Federal and state laws were 
reviewed to identdy pdeabrrl groundwater and surface sod chemcal @IC ARARs 

The Colorado Water Qualrty Control Commmion (CWQCC) designated the Quaternary and 

Rocky Flats Aqders beneath the RFEI'S as d0rnest.x use q d t y  agncultural use q d t y  and 

surface water protecbon ltccofdLIg to 3 12 7 of 5 Colorado Code of RegulaUons (CCR) 1002 8 

Subsectlon 3 12 7 The mtmt of these cbf l iwons  IS to protect spccfied groundwater from 
uncontrolled degdataon and thereby protect exstmg and htu~ uses of groundwater (5 CCR 
1002 8 Subsectm 3 11 9) Fu~the~more groundwater is classflied domestlc use or agncultural 
use quality If 

the groundwater IS ather used or masonably lrkely to be used for d0rnest.w or agncultural 
purposes withtn the spedied a m  or 

the most recent State % p e e r  s well records or apphcable court decms reveal that 
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groundwater is perrmtted or decreed for such uses withm the specrfied area (5 CCR 1002 
8 Subsechon 3 11 4) 

The Phase III REVRX report does not support the CWQCC conclusion that there IS groundwater 

beneath OU 1 wluch could be used as a dnnlung water supply Included m the Phase III WRI 

report are water produrnon capabhty smulatlons and well productton tests whch conclude that 
neither the Rocky Flats Alluwum nor the Arapahoe Aquders beneath OU 1 is capable of 

producmg sufficient water for even domeshc purposes In add&on a letter from the Mice of 
the Colorade State Engtmtr collflllIIs that the conclusion that neither aqulfer (refcrmg to 
the Rocky plats Alluvium and the Arapahoe Aquder) u a ptenml source for domestlc water 

supphes m the 881 Hdhde area is vahd when considermg future land use (see Appendnc F) 
The Colorado State Engmers lctter dated March 12 1992 is m reference to the water 
produrnon capabihty smulattons and well produrnon tests that wen mcluded m the Phase III 
WRI molt (= P) 

DOE may pet&on the CWQCC when appmpnatc to consider changmg the water quahty 

classlficatton beneath OU 1 Documen~on of potentml water use and qd ty  of water m the 
Quaternary and Rocky Fiats Aquders beneath the site wdl be preseatcd to the Commission for 

reconsideratson of the ament use classdicatlons 

The groundwater beneath the RFBTS IS currently classdied for d0m-c use q d t y  TM #10 

hsted Federal m8xMum contamrnant levels (MCLs) as the chesucal specfic ARARs for OU 1 
CDPHE commented on TM %10 that the State s MCL standards should be ARARs The State 

mplements the Federal Safe Dmlang Water Act (SbWA) through its d d a n g  water program 
therefore state dnnlung water standatds axe preseated m Table 2 1 as potentd chwcal specdic 
ARARs for OU 1 The Superfund Amendments and &-on Act (SARA) and the NCP 
rules ~ U K C  c lassdi~on of nm zero maxunum contammant level goals (MCLGs) as potentad 
chemcal specdic ARARS Federal non zero MCLGs for OU 1 mtammants are the same as 

the State MCLs lrstad m Table 2 1 
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Table 2-1 
Potent& Groundwater Chermcal Specific ARARS 

State Drinlung Water Standard# 
W O  

Volatile Organic Compounds 

Carbon Tetrachloride 5 

Chloroform (total mhalomethanes) < 100 

1 1 Dichloroethane NIA 

1 2 Dichloroethane 5 

1 1 Dichloroethene 7 

1 2 Dichloroethene NIA 

cis 1 2 Dichloroethene 70 

Tetrachloroethene 5 I 
11 Toluene I 

Total Xylenes 10 OOO 

1 1 1 Trichloroethane 200 

1 12Trichloroethane I 
Trichloroethene I 5 

Selemum I 50 

M€?talS 

I NIA 
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State groundwater standards are IdenMied m Table 2 2 and are TBCs for OU 1 The standards 
were evaluated agamst the defimtxon of ARARS m the NCP (40 CFR 300 5) The state 
groundwater standads are not assessed ARARs because the classficaoons requmng those 
standards have not been apphed consistently throughout the state and thus fad the NCP cntena 
of general apphcabhty m 40 CFR 300 400(g)(4) 

Sod chemrcal specfic ARARs requmments under State and Federal laws do not exrst for the 
ContarINLIlts idenMied m OU 1 (1 e there are no establtshed protectwe levels for surface sod 

contammaon based on nsks to human health and/or the envmnment) with the exceptxon of 
PCBs under TOXIC Substaaccs Contml Act (TSCA) However TSCA requmments for pre-1987 
cleanups are d e t e d  on a case by case basis dependurg on the p0tcntm.l for contamtnatron 
Spdls after 1987 define clean sod as contamng less than 1 mg/kg PCBs (40 CFR 761 120 and 

761 125) The concentratmolls of PCBs found m OU 1 m below t h ~ ~  concentratxon except m 
one mstance whch IS at a 1 2 mgkg concentmuon Therefore it was considered to be withm 
an acceptable range of detcmmmg a cleanup level Accordrngly no chermcal speclfc ARARS 
are identtflad for this medwm 

232 ~ o n l ~ a s t h e & r j & & & l &  

In TM #10 both groundwater and surface sod PRGs were estrmated for OU 1 Other maha 

mvolvmg surfatx water and sedunents were not considered for PRG development as part of the 
OU 1 CMSIFS smce they as well as subsurface sods do not present a dmct nsk greater than 

104 nor a hazard mdex greater than one and therefore do not wanant nsk based PRGs 

Groundwater and surface sod PRGs were estmated m TM #10 for the followmg exposure 
scenarios 

Future on Slte ReSIdent 
CommercdAndustnal Workers 
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Table 2 2 
statewide and Basm-Speclfic Groundwater Standards 

( d o  

Total Xylenes 

1 1 1 Trichloroethane 

Chermcal' 

I 10 oooc 1 

I 200 10  

Pramcal 
Quanbtabon 

Lmlt 

State 
Standard 

~ ~ ~~ 

1 12Trichloroethane 3/0 ab 
Tr ichloroethene 

I 5 

VolrrtileOrganrc CompormaS 

10 

1 0  

Selemum I 
Vanadium A 

lod/20. - 
- 1W 
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The ecologcal reserve scenano was not used for estunatmg PRGs because the scenano does 

not apply to groundwater and IS idenbcal to the commercdmdustnal scenano III terms of 
exposures for surface sods Tables 2 3 and 2 4 present the nsk based PRGs estunated for 

groundwater and surface sods respecovely (for the COCs identfied m the BRA) Table 2 5 

compares the groundwater PRGs identrfied usrng chemical specfic and nsk based PRGs For 
the purposes of OU 1 state MCLs are currently used to evaluate remeriral aaon fisk based 

PRGs are presented for mformabon only In addmon the geometrrc mean conccntmons are 

presented for both sitewide and MSS 119 1 only 

In adhbon to atabhshmg PRGs that comply with ARARs and protect human health and the 

envmnment DOE plans to d u c e  exposures and the nsk assocxtted with midual contammation 

dunng remedd mons at OU 1 to levels that are as low as reasoaably achevable (ALARA) 
considcnng appqnate ta$mcal ec~mmc and socd constmnts In applyrng the ALARA 
process at OU 1 PRGs m c o m b d  with tecbcal and econormc considemoons to identrfy the 

levels of nsk redurnon that rmght reasonably be acheved These cntena am only apphcable 

to surface sods w k h  may be duturkl dunng UnplementaQon of medabon actlvibes at OU 1 

The ALARA process mcludes both plannrng and field components The dtscussions presented 

IXI th~s -on am conslstent with the plannrng component of ALARA rn whxh PRGs are 

estunated for residual contamm&on based on hypothetd  exposures Tbu mtml analysis wlll 

be used to support mplcmcntat~on of ALARA IXI the field where based on p f i c  field 

condlbons add~bod c o n m o n  rmght be reduced to below levels detemed m the plannrng 

P- 

AS a general standard for daologcal exposures DOE also requm complxance with all Federal 

requmments for hrmtmg doses ftwn spexfic exposure modes DOE Order 5400 5 estabhshes 

standads for noIlspecffic radtologtcal exposures These standards requm that the effmve dose 

equivalent @DE) to a member of the publrc not ex& 100 mm/year above background from 

all nonsccu~onal  exposure routes and that these exposures be reduced to ALARA levels 
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Table 2 3 
Groundwater 

Risk-Based hllmlaary Remedration Goals 
(Palo 

Prelrrmaary Remdation Goal 
by Scenanoa 

hture on-Slte 

Carbon Tetrachloride 0 658 13 8 

1 1 Dichloroethene 0 150 199 

Tetrachloroethene 1 85 683 

1 1 1 Trichloroethanc 3120 293 684 

I 

OU 1 CMSSS Report 
881 "IO Area 
August 1994 

DRMT FINAL 

2 12 



Table 2-4 
Surface Sods 

Ruk-Based Prehmhary R e m h t m n  Goals 
( m g W  

Uranium 233 234 

Uramum 238 

Plutoruurn 239 240 

Chemid 

4 34 6 81 

2 29 3 55 

125 3 68 

Prelimnary Remaation Goal 
by !kmanoa 

I 

Commercial/ 
Industrial I Resident Worker 

Future Onslte! 

Pdynuchr Aromatic IiydrocW~m 

Fluoranthene 

2 658 

1 378 

0 137 

0 070 

1 33 

0 134 
~ 

1771 

Fluorene 251 1 745 

Pyrene #B 634 1 342 

Polychtorirrpted Bipbtnyls 

AROCLOR 1254 I 0 050 I 0 125 

Ist.dioaactidasL 

Americium 24 1 I 1 80 I 4 12 
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Table 2 5 
Cornpanson of Risk-Based PRGs, ARARs, TBCs, and Exlstmg Concentrations 

blm 
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Both AEARA and DOE order 5400 5 requlrements are appmpnate for handhg surface sods 
rn OU 1 and wlll be addressed further under OU 2 remednl acttons 

GRAs are general waste management strateg~es that are designed to sat~sfy remedd achon 
objecttves Examples of GRAs mclude treatment contsullIIIent excavatton and extramon 
GRAs are medrum specdic and therefore a ltst of GRAs wdl be developed for each medwm of 
concern For OU 1, GRAs we= only idenwied for the groundwater medrum Because 
subsurface sods rn a potcntml conmual source of groundwater contammon they are mcluded 
rn drscussions mvolwng groundwater GRAs and rem- amon altematwes 

2 4 1  

As minted III thePhaseIJIRFI/RI nport and summaTlzed III Secbon 1 Oof h s  report surfw 
sod PAHs PCBs and rad~omcl~dcs wdl result m an acceptable nsk of lV to 106 when the 

hotspots ~IE nm~oved Because the hotspots wdl be removed before mplementatton of any 

mons and because surface soll mhonuclrdes wdl be -sed specdidly under OU 
2, the surface sod medmm has been ellrmnated from further comidenmon m thts report 

2 4 2  -- 
The GRAs identdied for the OU 1 groundwater medrum are no -on mstttut~onal controls 
contamment removal rn situ treatment of chlonnated solvents, ex situ treatment of chlomated 
solvents III situ treatment of mrgaxucs and ex situ treatment of morgaxucs These GRAs target 
the contarmnant groups discussed m the RAO for groundwater A bnef descnptIon of each GRA 
is provided below 

No Acnon Requmd by CERCLA as a benchmark for compatlson agamst other 
remedd actlon alternat~ves This mphes that no duect -on wdl be taken to alter 
the emtmg situatton other than short and long term momtonng of site condrttons 
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Imntunorurl Controls - Refers to controls based on legal and/or management pohcies 
whch m m m  the pubhc s exposure to potentml contammts Examples mclude 
controUmg site access restncttng land use and restnctmg access to groundwater 

Conrarnmenf For groundwater contmment would consist of achons whxh mlIllIlllZe 
the flux of vaporphase VOCs to the surface and/or mmmue the migrauon of 
groundwater contarmnants across site boundaries 

Removal For OU 1 removal mphes extramon of contammated groundwater for 
treatmeat m the austmg Buddmg 891 water treatment system or other fac&ues l7us 
also mcludes the excavatlon of sods to locate potemtml subsurface sod DNAPL zones 
and to extract contammated groundwater 

In Satu l k m e n t  of Qrlonnated Solvents In general m situ treatment technologres 
seek to trait contaaunants m place without extramon or nmoval of large volumes of 
groundwater or sod Treatment would seek to remove destroy and/or Immobhe 
c0ntaumant.s through biolog~cal chemcal or physical means Thrs category rncludes 
extractron technologm such as sod vapor extractron and m situ heatmg and rncludes 
aboveground tr#ltment of off gas and address as both groundwater and subsurface sod 
c o n m o n  

Ek Situ lkament of Qalonmed Solvents Thu GRA 1s smlar to m situ treatment 
except that contammu& would be extractad/rwnoved before treatment Treated 
groundwater wouldbe d&mrgcd througb e-g channels (1 e the cx1stu3g Buddmg 
891 water tnatment system) 

In Situ lkeatmm of Inargmcs l k s  GRA 1s srmrlar to the m situ treatment of 
chlormatcd solvents In h case tnatment would seek to m o b d u e  contammints 
through chermcal or physlcal means 

Ex Situ llhaamt of Inorganrcs ms GRA 1s sundar to m situ treatment of 
morgamcs In thu case mtment would seest to extract and/or lmmoblluR 
contamrnants thnrugh chexxucal or physical means Tnated groundwater would be 
dmharged b g h  CXIsbdg channels (I e the exlsttng Bruldrng 891 water treatment 
SYf-0 

Based on the results of the OU1 Pbase III RFYRI report and the BRA m parhcular 
Contarmnated groundwater m OU 1 was found to contnbute a sigdicantly hgher nsk to those 

receptors exposed to groundwater beneath a spec& portron of IHSS 119 1 than to receptors 
exposed to groundwater beneath other locatrons rn OU 1 MSS 119 1 was designated a source 
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locabon m the PHE for h s  reason Other areas of the operable umt contam groundwater 
contamrnant concentmuons above detecbon lmts however the concentmuons are greatest at 

thls IHSS 

The quanbty of groundwater requvlng remedud acbon HI the MSS 119 1 source area cannot be 
calculated duextly because of seasonal vanafions m the water table Instead a lower bound was 
estunated usmg computer codes that compared the bedrock topography beneath the IHSS to the 
water level data from wells located m thts a m  The wells used to identrfy and deheate this 

area were0487 0974 1074 4387 32591 and37991 

The Phase III RFI/RI report contams several saturated thtckness maps for OU 1 dumg a typical 

dry penod These maps were used to estimate the volume of mntammated groundwater rn the 
soum l-on when groundw&r levels were at therr lowest Usmg an average porosity of 
0 10 (DOE 1994a) the volume of gmundwater emmated to be present m the southwest comer 
of MSS 119 1 dumg the dry season IS 80 0oO gallons This volume represents a smgle pore 
volume although more than one pore volume would lrkely have to be moved to achleve 
RAOS 

In addmon the Phase IU RrmRI report m a t e d  that the volume of avadable groundwater ~tl 

OU 1 IS between 5 0 and 5 8 acre-feet (1 6 and 1 9  d o n  gallons) The volume of 
groundwater estunated to be beneath MSS 119 1 and the volume of gmmdwater beneath OU 1 
are used to estmate rcmdmtxon requvements however because groundwater elevations 11) 

OU 1 are hlghly dependent on seasonal v m o n s  m pmipimon these values are enpeemg 
estunates only 

To address the potend zestdual DNAPL sources assumed to be present m IHSS 119 1 
subsurface sods a volume d c u b o n  was conducted for tlus medmm at IHSS 119 1 The 
amount of sod requmg m w o n  was emmated by vuually lnspecttng the potentml source 
areas descnbed m thepbase IIIRFYIU report and pmsented m Figure 1 3  of this report and 

by assumrng that subsurface sod remedmtion acbvibes would attempt to r e m a t e  satumted zone 
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sods to a depth of five feet mto bedrock Figure 2 1 depicts the potentlal sod excavabon area 

identrfied for IHSS 119 1 The amount of contammated subsurface sods cannot be calculated 

due to the ltmrted data avadable for t b  m d u m  Thls hi ted  data is typical of sites 

contammated with residual DNAPLS The excavabon area however is estunated to contam 
approxunately 20 OOO cubic yards of sod 

2 5 Iden- Sc- of T V  OD- 

Appendsx A c o n a s  the tables and fi- ongmally presented m TM #11 for the idenMicabon 
and screcmg of tccbnologm and process opuons Thu -on sum8flzcs the technologes 

and process opbons that wert idenbficd for rem-on of OU 1 and also describes opbons that 
were mamtamcd for futther cvB1\uLtloll Note that a process opbon chosen to develop an 
altemve is considered a representatwe process optlon only The altematwe might not be 

mplemented with the spec& process opuon The selected process opbon represents a class of 

opbons that mght be rmplemented 

The technologm and process *om ongraally examured for use at OU 1 mclude the followmg 

No Acbon 

Momtormg - Groundwater momtonng 

Inmtubonal Controls 

A c c e s s ~ w n s  
- Legal resmmons on well placement - Legal nxtnmons on land use 

Contiunment 

Verkal subsurface flow control - Subsurface drams - Grout curtiuns 
- Slurry walls - she& p h g s  
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- Cryogemc barner 

Horizontal subsurface flow control 
- Grout lnjectlon 
- Block Qsplacement 

Vapor conmnment 
- Surface cap - Envmnmental isolauon enclosure 

Removal 

Pasweremoval - Subsurface drams 

Actlve removal - Horizontal and/or vemd extramon wells or sumps 

Excavaoon - hmkxlexcavator/dozer 

In-sml Tfeament of chtonnated solvents 

BiologtCat - BioremcdnQon 

Chemcal 
- Pol ymenzaQon 
- Chemrcal oxd@on 

Physical - Hot adsteam ssnpplas with mechamcal mmng 
- usPam% - Sod vapor extracton - Penneablc treatment beds - In situ adsowon with wells (proprietary proctss) 
- Rad10 bqucncy/ohmrc heatrng 

Ex situ Treatment of Chlormted Solvents 

Biologd 
Biorem W o n  

Chemd 
Solvent ex-on 
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- Ultraviolet photolysis with chemcal oxldatton 

Physical 
- Gamma madubon - 
- Air stnpplng 
- Membrane pmesses - Hot adsteam stnppmg 

- Freeze crystakaUon 

Acttvated carbon or carbonaceous adsorbeats 

Evapoxabon 

In situ Treatment of Inorgmcs 

Ex situ Treatmeat of Inorgan~cs 

Chermcal 
- Freeze cry-on 
- Ion exchange 

Membrane pn>cesses - Etectrocoaguhon 
- Pnmpimon 

- Evaporation 

As descnbed ln TM #I1 these technologes and process opbons we= sys&mat~ca.Uy screened 
to reduce the number to a smaller and more representatwe number appropriate for the 

prepanbon of mnednl altematwes The screemg was accomplfshed by examuung the 
twhmcal unplementabdity of each tccbnology andor prucess opbon at OU 1 (see Appenh A) 

Technolo@es and/or process optsons that were mamtamed for further evaluahon are hsted below 
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No Acbon 

Momtonng 
- Groundwater momtomg 

Inshtuoonal Controls 

Access remmons - - Legal restncbons on well placement 
Legal restnaons on land use 

Contarnment 

Vertxal subsurface flow control 
- Subsurface drams 

Vaporcontamnent 
- surfact CaQ 
- Envmnmental wlaQon enclosure 

Removal 

Passive moval 
- Subsurface dram 

Acbveremoval - Homntal and/or vernal e x m o n  wells or sumps 

Excavmon - Loader/excavator/dozer 

In situ Treatment of Chlonna&cd Solvents 

Biolog~cal 
- Biorem-on 

Physrcal - Hot adsteam stnppmg with m e c b d  mwng 
- h s p a r g r n g  - Sod vapor extracton 
- Rad10 frequency/ohrmc heatmg 

Ex situ Treatment of Chid Solvents 

Biolog~cal 
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Chemcal - 
Physical - 
- Hot adsteam stnpprng 

T h e m  

- Catalyt~c o m o n  

Ultraviolet photolysis with chemical ox&&on 

Amvated carbon or carbonaceous adsorbents 
- Austnppmg 

- PlaSmaarCdrScharge 

In situ Treatment of Inorgamcs 

Ex situ Treatment of Inorpucs 

Technolo~es and process opt~ons deterrmned to be mplementable and apphcable for remednbon 
of OU 1 were subjected to a more &Wed evalmon to detemune whch p m s  opuons should 
be used to develop altemt~ves The evalwon was performed by comparing the abhty of each 
process optm to satsfy the gxven critena under the same technology type and GRA The 
cntem used to evaluate pmcess opt~ons were effectwewss, mplementabhty and cost (see 

Appendur A) Any process w o n  that survived the mtnl screerung could be uscorp0Tated mto 
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an estabhshed remedial aaon altermove M the future 

Based on the evalwon of process opbons the following technologes and process optrons were 
selected for alternative development 

No Actron 

Momtomg 
- Groundwater momtonng 

Insbtut~onal Controls 

Accessrestnctlons - - kgal restnaons on well placement 
Legal restnwns on land usc 

Contarnment 

Vertml subsurface flow control 
- Subsurface drams 

VaporContamncnt - surface cap - Ewrnmaa lgolattoa enclosure 

Removal 

Passive removal 
- Subsurface drams 

Actlve removal 
- Horizontal and/or verbal ext.rac%on wells or sumps 

In situ Treatment of Chlonnatcd Solvents 

Physical - 
- Sod vapor e m o n  
- Rad10 Fnquency/ohrmc heatmg 

Hot adsteam s t n p g  with mecharmil mwng 
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Ex situ Treatment of Chlonnated Solvents 

Chemcal 
- Ultraviolet photolysis with chemical oXLdatlOn 

Ex situ Treatment of Xnorgamcs 

Chemcal 
- Ion exchange 

The evaluauon of process m o n s  to treat extracted groundwater favored the &emon of the 
emtmg Buddmg 891 water treatment system Srnce the system has been proven to effecuvely 
treat the COCs present m OU 1 groundwater at theu cumnt concentrations and the capital costs 
have already been mcurrcd for h i p g  and constructmg t h ~ s  system t h s  process opuon is the 
most favorable for abovcgmund treatment of groundwater If necessary the system may also 

bc used for other operable umts with m o r  m d i m o n s  

In W b o n  the hited av&&ty of groundwater and the complex nature of the bcdrock system 
beneath OU 1 favond trtatment by pmcess opbons that would extract residual sources (e g 

DNAPL zones) to the greatat extent possble while mmnumg the potental for forcrng 

contammints further rnto the bedrock system Themfore process opt~ons that r e q u d  the 

rnjmon of add~tmnal fluids mto the subsurface (e g bmern&&on and sod flushg), were 
not favorable Standard and thermally-enhanccd vapor extraction pmcess opuons were selected 
for altematwe development and WIU be used rn conjunchon wlth IIrmted groundwater pumprng 
to remove contammated groundwater and potentd residual DNAPLs from OU 1 subsurface 
so& 

Other m o n s  o n g d l y  rdatned for altcrnabve development lncluded excavatton and cappmg 
and were retluned to provide oonaptual vmety to the altemabves presented for remedmbon of 
OU 1 Excavauon could be used to remove subsurbe sods to locate pools of contammated 
groundwater and to ensm that any midual DNAPL zones are removed Cappmg on the other 
hand would attempt to h t  the mob&Q of vapor phase contammants thereby mmunlzrng the 
nsk from one of the pnmary nsk pathways, mhalatmn of groundwater volatrles These opQons 
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are further described m the discussion of alternatwes rn Smon 3 0 

Process opbons were also retamed that would result m the assembly of h t e d  or m m a l  actton 
alternatwes and Elude groundwater momtonng use of the emtmg french dram system and 
mstltuttonal controls These m o n s  are also Qscussed further m SecQon 3 0 

Although it is currently undcrgomg treatab&ty stu&es at RFBTS bioxemednuon was not 
mcluded rn the development of remedud actlon alternatwes for the followmg reasons 

The effixhveness of bimm-on at OU1 is h t e d  by the nature of the 
contammnts iBGnbfied Although laboratory stu&es have shown up to 90 percent 
reductam of TCA and TCE concenrnons under ideal con&Qons researchers are 
skeptlcat as to the €dl scale apphcab&ty of bioremednUon under fEld con&Qons 
statmg that mplamtatmn of biodegradation of chlonnated hydrocarbons m field 
situatms may be ltrmtcd by the toxmty of hgh concenmons of these compounds to 
m c m ~ m s  and by the slow rate of degradaton posslble w r  et al 1994) 

PCR, a mpr OU 1 c0n-t 1s a hghly rehctory compound (resstant to decay) 
for whch them rs no cstabtshed field methud for degradatton at rates whxh make 
treatment plactlcal 

B i m -  IS not effectwe m tmtmg morgmcs such as selmum An 
aboveground treatment system could be used to remove selmum from extracted 
groundwater however this would most W l y  b u t  the effectweness of remjmon 
systems that recycle nutnents or non mchgaous bactma 

Site &&om at OU1 partmlarly flurd c-on, h u t  the techtlIcal 
unplementabhty of bi-on at OU 1 The Phase III RPURI demonstrates the 
lackofaoonslsscat,defiaedwatersourccbeueathlHSS119 1 Wellandboreholedata 
m the ami have mduatal varymg water table levels and depths of saturated mnes 
Implcmentatmn of bioremedatm at OU 1 would mpm mjezhon of large volumes 
of water to prwde nutnents and/or non m&gcnous bactcm to treatment zones 
mght mobdm and spread contammoon and accelerate slumpmg at OU1 
Expenam mth m o n  of the k h  dratn system has mdtcata-i that slumping is 
a senous concern for uumtwakd comkons, and would be more smous for the hghly 
saturated d t m n s  that would be requrred to unplement biomcdu&on 

OU 1 CMSlFS Report 
881 HdWe Area 
Augwt 1994 

DRAFT FINAL 



The exlstmg Buddmg 891 water treatment system (VVaO,  and ion exchange) wrll be essentd 
for proposed rem- mon altematwes for OU 1 and other operable umts that q u v e  

aboveground groundwater treatment The system consmutes a comprehensive process treatment 
tram for tmatmg water con- with orgamc and morgamc (mcludmg mhonuchde) 
contarmnants (see Figwe 2 2) The system consists of a collaon and pumpmg system to 
supply the treatment fkhty an udluent storage and transfer system separate tmatment systems 
for orgaruc and morgamcs c o n m t s ,  and an effluent storage and Wharge system The 
system is deugncd for a 30 gpm flow rate capacity and has c q a o n  tanks to normahe 
txwment rates 

The french dram collectm and pumpmg system mcludcs the recovery well pump located m 
MSS 119 1 two french dram sump pumps and the Buddmg 891 sump pumps whch may be 
ducontmued under a proposed m e o n  These pumps are normally controlled by level 
switches m the well or sump that deterrmne whether the pumps operate The collectran system 
connects to the influent transfer system, whch mludes two lnflucnt e q m o n  tanks and two 

mtluent tmsfer pumps The influent transfer pumps supply water frmn the mflucnt e q m o n  
tanks to a WM2@ tmtment ulltt at a constant rate The W/H2@ umt 1s designed to destroy 
organtc contamrnants III the influent st~eam 

Treatment efficiency depends on flow rate (resrdence tune), &02 concenwon and W 
wavelength mtcnslty "he system has a b g n  throughput of 30 gpm or 14 400 gallons per day 
(gpd) with an &hour qeratmg sluft It uscs 50 mglt of H202, with s m e m  15-kW W lamps 
providmg an equnralent power of 240 kW for bmlang down organtcs 

\ 

When the water leaves the W&02 system it enters tbe ion exchange system, whch conssts 
of the ion exchange surge tanL four columns contaumug beds of ion exchange mms and a 

degassmg tower The ion exchange system processes the water m the followmg sequence 
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The water enters the ion exchange surge tank and is pumped at a constant rate mto the 
fust ion exchange column Thxs column contam 28 cubic feet of IOMC A 440 a 
strong base amon resm for rcmovmg u m u m  

The water then flows dvectly to the second column whtch contams 32 cubic feet of 
IOMC CC a weak acid cabon resm for removmg heavy metals 

The water then enters the degassmg tower to allow carbon &oxlde and other gases 
produced dunng the uV/H2O2 process to escape Excessive gas content m the ion 
exchange columns could cause short cmurtmg of the resms thereby reducrng the 
efficiency of the system 

The water is then pumped to the thud ion exchge column whch contams 56 cubic 
feet of Ionac C 240H a strong a d  rem for removmg hardness and metals 

The water then enters the fourth and fd column whlch contams 56 cubic feet of 
IOMC AFP 329 a weak base amon resm, for removmg mons 

The water whlch IS now treated, IS stored m one of three effluent storage tanks and 
Qscharged by gramty feed 

In terms of proposed remedud actmn alternat~ves the system am handle most contarmnatlts 

idenbfied m OU 1 groundwater at thear currmt mnccntrat~~m and the pnpsed treatment rates 
If unusually lugh ccmcentrabons of spccdic amtammnts are encountered the system may 
requve mMiWon to -tam effluent requmments If other operable mts requm the use 
of t h ~ ~  system the system may q m  moddicatms to =move contarnumb If then 
concenmons W m  s@icantly from OU 1 
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3 0 DEVELOPMEN" AND SCREENING OFREMEDIAL ACTION ALTERNATIVES 

Thu sectton p-ts the altemahves that were assembled for remedatmg the groundwater 
medmm at OU 1 These dtcimat~ves we= assembled usmg the technologes idenMied both m 
Sectxon 2 0 and evaluated m detad m TM #11 Appendrx A su- the evaluatxon of 

technologes and process options TM #11 also contams the scnxmng of r e m u  acQon 
altematmes the results of whch led to the altemat~ves pmented m &IS W o n  Note that the 
altemabves presentad hemu Mer sllghtly from those discussed m TM #11 Altembons were 
made where tldccssary m response to agcncy comments However the conceptual approaches 

o n m y  proposad are stdl mamtamd m th~s document In general most of the mated 
presented m TM #11 IS presented hertrn Tbe only altcmat~ve screcnd from further 
conslderafion m TM #11 mvolvcd capprng of the s e  Cappmg would mqum mst~tut~onal 
controls to masntaxn the Illtbgnty of the cap, but would not pmwde any ackbt~onal protectton 

beyond the CoIltrofS themselves 

An mtegml compment o f  most of the altmat~ves pmmted m thta -on mvolves uthmg the 

e-g Buddmg 891 water treatment system TIUS systcm may also be used for tmmg 

contammateti water from other arcas ofthc RFEI'S Ifrequnqtuubd, the system mld be rnodlficd 
to trcat hlgher COIICCLltntEOlld of specrfic amtammmts however currently the system IS capable 

of treating the COCS 1dcnMed at ou-1 at then culmnt c o n c u l m  Decomrmss10nlng of 
the french dram may be apprqpnate once mmcdd actrons are completed Thts subject IS 
d~scussed further under eacb altuname 

3 1  W e l m  

R e m W  aaon altemt~ves were developed by comb- process opt~ons whch were selectad 

as bemg qrescntatxve optmu basad 011 the results of the evalwon of p~oce~ls mons and 
technologes Process aphorw were comb& m such a way as to pmut altcmat~ves to be 
developed that would mugc from tmtment altcmabvcs that ehmate or mf~ll~lllzt the need for 
long term management to Iumtcd or no -on altematxves T ~ I S  mnge of altemabves mcludes 
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contamnent opuons that mvolve httle or no tnxtment but acheve RAOs by preventmg exposures 
or by reducxng the mobtltty of contaaunants The no aaon altername was developed to provide 
a basehe altername agamst whch other altemauves could be compared In all  cases the 
altematwes were developed with the goal of aciueving the groundwater RAO presented m 
Secbon 2 0 by combmng appmpnate GRAs to fonn site-specrfic remedubon stmteges 

The altemabves that were developed for remedmon of OU 1 are the followmg 

Altcxna&ve 0 
Altem&ve 1 
Altcmatlve 2 
Altcnrattvt 3 
Altelnatlve 4 
Altematwe 5 
Altcma~ve 6 
Altcmve 7 
Alternatwe 8 

No -on 
Inmtut~onal Controls without the French Dram 
Insututmal Controls with the French Dram 
Modrfiad French Dram with Add~t~onal Bxbracton Wells 
Oroundwater Pumpmg and Sod Vapor Extramon 
Gimuadwater Pumpmg and SVE with Thermal Enhancement 
Ha Au hjechon with Mechanreal Mwng 
soll ExcaWon and Groundwater Removal with Sump Pumps 
Cappmg with Ins&tut~onal Controls 

Table 3 1 deqim a summary of the development of Tcmcdl81 actm a l m v e s  The table 
presents the GRAs and process aptloas that were combmu3 to fom the vlvlous altexnaf~ves 
After devdopmg dtcmat~vcs for mmxhttm of OU-1 the alternat~vcs w e n  s c d  on the 

basu of eff&tmness mplcmcntabd~ty, and cost as dcscr~bcd m TM ktll Altcrnatwes that 

were dropped from further comde~on am also md~cated rn Table 3 1 by shaded areas 

3 2  

Groundwater r#nedtal achon altemat~ves were developed that could potentraUy acbeve the 
RAOs described rn Seaon 2 0 The primary nsk pathways that dctummd whch GRAs would 
be used to dcvelopaltemat~~ w o n  basedon the OU 1 BRA, w k h  md~cated that mgesbnn of 

groundwater and lnhalnhmr of vapors mmg up through unsaturated sods were the largest 
concerns The followmg grrwndwrrtcr altmatwes were deslgnad to aciueve RAOs by removmg 
and destroyrng the contammarits m g m d w a t e r  by rtsttlcMg access to wells 
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posiQoned withrn the bowdanas of OU 1 andor by h a g  access to the site completely 
These alternatwes assume that swfacc sori hotspots would be removed pnor to commencing 

remedud achvitxcs and would be put mto temporary storage for treatment with slmdar wastes 
from another OU or shrsped off site for mmexinte treatment andor -sal 

The No Amon altemaQve for groundwater was developed to meet the rcqummcnts of the NCP 

whch state that a No Actton altematwe should be developed regardless of site-speclfic 
con&Qons @PA 199Qa) The ltternatve provides a baselme agamst whch other altemabves 
can be compared dunng the detalcd d y s u  of alteraatrves The No M o n  dtcmatwe uses the 

results of the BRA to dufine what the exposure levels would be to mcptors under thts 

al-ve, and does not seek to actwcly mabate any portrons of OU 1 

Tbts altematwe d u d e s  momtonng only to dctumhc d any changes occur rn contanmant 
c o n m ~ o n s  or sn a&umant rmgratton pattuns Groumhter momtormg would bcgm 

medmtc ly  and would take place for as long as urst4ubod controls are Wve at the site or 
untd it 1s detcnnmd that moLuboMg B no longer requmd Wells no longer deemed ntccssrtry 

for momtonng would be abandod as appropriate 

"hs altemauve assumes that the ate would eventually be abandod, and that no IMncdl81 

mons would be mtiated to reduce the nsk from gmmdwater mtammnts or to rem- 
potmttal residual DNAPL u)lkcs bebed to be prw&nrt m the subsurface sods beneath IHSS 

119 1 The altcm&ve assumes that the treatment portlon of the exushag fraach dnun system 

would be non-op.eratronal Groundwater m h m g  the dnun would bgm to flow around the dram 
at a slow rate assumlug the exutmg sumps w m  not pumped rcguhriy Ths would m d t  m 
a saturated regtondmctly upgmimtof t h e w ,  anda less saturated rem downgmdmt of 
the dram however no adverse mpacts arc expected If dcsmd, the dram could be 

decomrmssioncd by excavatmg pomons of the mpcmeable layer downbdl h m  the dnun with 
a standard backhoe to mcrcasc its effectlvepermeabihty For the pupax of dctslled d y s s  
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it is assumed that the dram would be decomrmssioned as suggested under thu altemahve 

Smce no mmerllal act~ons wouM be conducted under this altematwe there 1s no rem-on 
tune frame mvolved Decommusiomg the french draur would be accomphshed usmg RFETS 
equipment and would requlre mlnlmal effort Thu alternatwe would also not mvolve any 
packagmg or transportatton of waste nor any pernuttmg mons 

3 2 2  -el. 

Thts altemve lis lntendad to mmmuze the nsk hm CQ- groundwater by mtnctmg 

access to any wells mpactcd by OU 1 contammnts and by elunrnatlng the possib&ty of 

buddmg constructmn above areas known to be contammtcd with VOCs "hM altem&ve would 
attempt to meet RAOs by applymg mst~tut~onal controls to the boundary of the RFBTS at 
Woman Creek 

The alterxmve assumes thattheexrsbng €iench dnun system would not be opemonal as m the 

No Achon altunatwe c)nrundwatcs m c h g  the drain would flow around the dram at a slow 

rate assummg the mstmg sumps wem natpumpcd mgularly Thts would m l t  m a saturated 

regron M y  upgmdumt of the dnun and a less saturated w o n  downgmbnt of the dmu~ 

however no adverse mpgcts axe axpected If desmd the dnun could be demmmmioned by 
excavabng por&ons at the diaur with a standard hnclchaL to mcmase its c€kct.~ve permeabhty 

For the purposes of detatlad ;Bll(Llys~~ it IS assumed that tht dnun would be decommtssioned as 

suggested un&r thts alternative 

Groundwater moMtoflllg: would be r c q u d  for thts alternative to dctcnxune when lnstrtutronal 

controls could be dmxmtmucd Once -le gmmdwam amfammnt co1Icclltfatons were 
achcved through natwal- and cllspetslon of -, tbe ama would be dew& 

from mst~tut~onal controls Gmundwatcr momtcmng would take place for as long as requmd 
to meet ths cntenon Wells 110 longer deemed necesmy for momtormg would be abandoned 
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Tb~s alternatrve assumes the site would not be abandoned dunng the mst~tutIonal control penod 

but that no rem- actions would be taken to actlvely reduce the contamumt concentratlons 
m groundwater, or to medute potcntml residual DNAPL zones beheved to be present IXI the 

subsurface soils beneath IHSS 119 1 

As m the No Actlon altematwe there IS no medmbon tune frame a s s o c d  with ttus 

alternatwe smce the site would not be =leased untd acceptable groundwater concentmUons are 

achleved Decomrmssloolng the french dnun would be accomphhed usmg WETS quipment 
and would rapre mlmmalcff6rt For the purposes of W e d  analyss a 30-year mst~tut~onal 

control penod is assumed for groundwater momtomg 

This altemat~ve would not flwolve any packapg or tmsportat~on of waste, nor any perrmttmg 

actrons other than the -ve requtl.ements assocllytcd with mamtammg the secunty of 
the site 

3 2 3  C w m F -  

Thrs altemat~ve~~ lntcndtdto m l ~ m l l l . t h e r ~ I ~  from contmmatd groundwater by restnctmg 

access to any wells impacted by OU 1 wntammnts wiule contmmg to tmt groundwater 
collected by the aus!mg €im& dram "hIS alteraatlve IS s m h r  to Atematwe 1 with the 
exception that the fiench dram would not be decomrmssroncd "hIS dtcmat~ve a p p h  to the 

area south of buddmg 881 and to the MSS 119 1 source area Mute cmncatmt~ons of 
contammted gmundwater to the cast of the operable u t  would not be acbvely Tcmcdtatcd by 

thrs alte-e although m s t ~ ~ ~ d  controls would pmmt unau thod  constmction and uses 

of groundwater m all arm of OU 1 Suspect ams of subsurface sod DNAPL contammahon 
are not addmwed under thu alternative other than though contamment of groundwater 

,-, 

Groundwater momtomg would take place for as long as rr;quucd to venfy that contamnant 
concentmtmns m groua6water have been permanently reduced below appmpnate lmuts For 
t h ~ ~  al temve the exsttag extract~on well located rn IHSS 119 1 would contmue to be used as 
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a groundwater collecuon source Wells no longer deemed necessary for mOllltOMg would be 

abandoned as appropnate 

Although remedal aaons would be conducted under thls altematwe m the form of operatmg 
the french dmn system there IS no medmuon tune frame defmed smce the system is cumntly 
operabonal and would contmue operatmg untd acceptable contamumt comntrabons are 
acheved Based on openthoxu to date of the exstmg french dram system, however i t  is 

reasonable to a m m e  that the slow groundwater collcctm rate would ra~ul re  its operabon for 
an extensive penod of tlme Momtonng of gmundwater would also begm meduitely Thts 
altematwe could mvolve paclqmg and tmspormon of spent ion exchange rean 

3 2 4  m e 3 .  ?W& 

Atematwe 3 Mers  from Ahmatwe 2 m that addmod extracbon wells would be added to the 

e-g fitmch dnun system to enhance rts effccbvcncss Thu alternatwe would seek to provide 
pmmon of human health and the en-ent by rernovmg contarmnants from a l l  areas of OU 
1 groundwater, 8nd by enbrely contamkg groundwater upgradtent of the french dram As m 
Altemve 2 suspect areas of subsurface sod DNAPL contammatm arc not addnssed under 
thu altemabve other than thnwgh mtamment of gmuxxiwatcr 

Wells couldbe added tothe muthstm corner of theoperable mt to capture any contammami 
groundwater ptentdly flowmg around the fnnch dram, to the lHSS 119 1 source area to ass@ 

the cmtmg recovery well, Wor rn fmnt of the french dram m any suspected sandstone lenses 
whch could form condults for groundwater transport beneath the dram These wells could also 

be used to momtor COC umcatratms III the area In a b o n ,  under t h s  altcmatwe wells 
could be mstallcd III the a m  south of Buddmg 881 to enhance the recovery of contammatd 
groundwater f11 that a m  Figm 3-1 shows possible l m o n s  of ad&&onal extractton wells 
These locations am ideablfieb solely for defintng the conceptul approach suggested for thls 
alte-ve mor to dmgnabng exact locattons, a thomugh mew of the =pact the french 

dram 1s havmg at the site, potentdly mcludmg computer modem 1s necessary 
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Modlfcabons requved to the french dram itself would be to e h m t e  the flow of the footmg 
dram water from the 881 Buddmg to h u t  the amount of clean water that is sent through the 
treatment system 

Groundwater recovered from the extractton wells would be routed to the french d m  sump then 
transferred to the mfluent storage tanks of the extstmg Bulldmg 891 water treatment system 
Recovered groundwater would therefore have to be pumped at a flow rate compauble with the 
system s 30 gpm capacity "Ius system was constructed to treat groundwater from the 881 
W i d e  area to acheve the treatment goals presented m the Systems Operanon and Opnmzmon 
Test Report (DOE 1992) 

The msutuuonal control of gnnrndwater momtorrng would be employed to detemune when 
contamxnant concentra&ons fall below acceptable levels (assumed to be 30 years for costmg 

purposes m the Wed analysu of altemtwes) The emtmg french dram system would 
provide contammat of umtammnts dunng remeQal mons whde also assutmg m the 
collmon of groundwater After remedud mons are completed however the dram could be 
left m place or decomrmssiomd If left m place groundwater xeachmg the dram would begm 

to flow around the dnun at a slow rate, assummg the exlstmg sumps were not pumped regularly 
Thls would result m a smuated ngmn M y  upgmhent of the dmn and a less saturated 

repon downgiadreat of the dram bowever no adverse mpacts are expected If desved the 
dram could be decommwsroned by excavatmg poxt~ons at the dnun with a standard backhoe to 
mcre8se its effechve permeab&y For the purposes of dctmled 8I181ysu it is assumed that the 
dram would be decomm~ss~oncd as suggested under this altemauve 

Four to SIX add~t~onal ex-on wells would be mstalled under &.IS altematwe and would requm 
approxunately SIX meh c6ameter casmg Because of the low hydrauhc conductwity and small 
saturated thickness of 881 Hdlside colluvtal matenals cychcal operataon with pumpmg rates 
below one gpm per well would be mpmd to remove groundwater 

Computer srmulataons of domestx water product~on capabhhes from OU 1 were completed and 
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presented rn the report entltled OU 1 Dornemc Water Supply Sirnulanons (EG&G 1992) and are 
mcluded 111 Appendlx F of this report Results of these smulattons showed that with a hydrauhc 
conductmy of 1 x 104 cm/sec pumpmg rates exceedrng 0 14 gpm would desaturate the 
modeled well cell 111 under 365 days The model assumed a 12 hour pumpmg penod With a 

hydrauhc conductlvity of 1 x l@ cm/sec pumpmg rates exceedmg 0 013 gpm would desaturate 
the modeled well cell m under 365 days Based on the Phase III RWRI report the hydraulic 

conductlvity at IHSS 119 1 and the area south of MSS 119 2 is estunated at 9 4 X 10 ’ ft/mm 
whde the area south of Btuldmg 881 has an estlmated hydrauhc condumvity of 1 5 X l@’ 

Wmm These hybuhc conduchwtm suggest that extremely low pumpmg rates would be 
q u m d  to m o v e  contmmatcd groundwater without desaturatlng the modeled well cells 

The overall remedntm tune frame based on usmg ths altemve would be extensive 
considemg the low groundwater pumpmg rates achlevable at OU 1 The p0tcnt.d extsts for an 

extensive extramon tune r c q u d  for removal of residual DNAPU potenttauy present 111 

saturated sods Recent EPA gurdance recoglllzcs that complete rem-on of DNAPL 

contammints usmg convcnt~onai groundwater extramon techntques 1s not techcally practrcable 
@PA 1992b) Agm, for the purposes of detarled analysu it IS assumed that this altematlve 
would be mplemented for at least 30 years 

3 2 5 m v e  4. G- Sod V- tSm 

Thls alternatwe seeks to achreve groundwater RAOs by dewatemg the MSS 119 1 source area 
usmg convenhonal pumpmg tecbmques, and then followmg thrs actton with unplementatlon of 
a localmxi SVE system The m b m d  technologm proposed under thu altematwe am 

considered emergmg technologres whlch may be more effmve than when apphed 
mdtvidually In gened t h ~ ~  altematwe targets only thc IHSS 119 1 source area although 
addrbonal vapor extractron wells could be mstalled m other 81#~s to mr suspected DNAPL 

sources 

SVE would asslst the vapomtlon and subsequent recovery of contammints pment m the 

OU 1 CMS/FS Report 
881 Hdhde h 
August 1994 

DRAFI’ FJNAL 

3 10 



saturated sods unsaturated sods and groundwater at OU 1 The technology targets 
contarmnants that have w u o n e d  either to the aqueous phase m the subsurface adsorbed onto 

subsurface sods exlst as pools of DNAPL or occupy sod pore spaces as vapor As dmussed 
above groundwater resldmg m shallow pools throughout IHSS 119 1 would be extracted v u  the 
exlstmg well the emtmg french dram and one or two addmonal recovery wells Collected 
groundwater would be treated by the emtmg Buddmg 891 water treatment system or another 
appropnate fachty with any m-cauons requmd to treat unusually hgh contamrnant 
concenmons rf encounted These same areas would be subjected to SVE once desaturated 
to enhance the removal of any residual contammarits 

In general sod vapor extractron 15 an m situ physlcal treatment technology that has been used 

p d y  to rem- sod and groundwater contammated with VOCs A typical SVE system 
consuts of either a smgle or rf necessary a network of vapor extramon wells screened at 
depths consistent with the umtammted sods If mulclple vapor extramon wells are used they 
are usually J O ~  together by a common header pipe Makeup or clean au qlacrng the 
contammtcd soll gas removed thtaugh SVE enters the sod either passively vra the ground 
surface and/or mlet wells or actavely v n  IW: mjectron wells Also the apphaon of surface 
seals may radtrect makeup wto destred treatment zones 

The basic pnncrgle bhmd SVE mvolvcs mducmg vapor flow through the unsaturated zone 
towards an extracbnn well by applymg a vacuum to that well Contammints volathed from 

the sod matnx and those that arc already rn the vapor phase axe swept by the m e r  gas flow 
@manly an) to the e x w o n  well(s) The m e r  gas also tends to mcrease the volatdmuon 
of any aqueous phase or free phase DNAPL contammants m the vicmty Many complex 
processes occur on the rmcmscale, however there ate th!ee mam factors that control the 
performance of an SVE opcr&on (a) the vapor flow rate through the unsaturated zone (b) the 
flow path of m e r  vapors refatlve to the, l-on of the contammants and (c) the chemcal 
composiuon of the cor&mnants (Johnson et al 1989) 

To successfully design and operate an SVE system site geology and contamumt pmpcmes must 
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be considered Site geology can have a signdlcant mfluence on a vapor extracuon well s radus 

of mfluence Geolog~cal factors mclude depth to groundwater subsurface solvrock type and 

subsurface permeabhty whch must be great enough to allow m e r  vapors to stnp VOCs from 
the subsurface matnx and carry them to an extramon well Sod vapor extramon performance 
is also dependent on the charactensbcs of the contamrnants targeted for extracbon A compound 
is a hkely cand~date for SVE If it has a vapor pressu~ of 1 0 mm or more of mercury at 20°C 
and a dunensionless Henry s Law constant greater than 0 01 (Dank0 1989) Table 3 2 presents 
these values for the COCs wder consxlerataon at OU 1 as well as other general physical and 
chemcal data The data shown xnclxcate that all of the COCs under consi&zatxm are amenable 
to recovery by SVE A cross s e m o d  mew of the propostd cmceqtual confgurataon of an SVE 
system is presented xn Figurn 3 2 

For thls alternabve it 1s assumed that approxmatcly 10 to 30 vapor extracton wells would be 
mstalled m IHSS 119 1 and xn other areas xfdeemed appropriate A dctaded sod gas survey 
would have to be conducted pr~or to mstallrng these wells xn order to pmpmt exact well 
locatxons Wells would be rnscallad to a depth of approxmatcly 20 f a t  and would be 4 to 6 

xnches xn dmmeter These wells would be operated cychdly to enhance  very and would 
be used m combmaQon with a gxanular adrvated &n (GAC) umt to treat extracted vapors 

Thu umt would most l h l y  r e ~ u u e  a Nat~onal Emssion Standards for Hazardous An Pollutants 

( " A p s )  pemt to apenrte however th would not present any unusual adrrrrmstratwe 
constsatats 

The r e m w o n  tune frame IIssoc18tcd with t h ~ s  alternative IS assumed to be approxmately five 

years Groundwater momtonng would mntmue once the altematwe was mplementcd to ensure 
that all residual phase DNAPL zones are remedrated Momtonng would be actxve for 30 years 
after remedatxon unless it was d c t e d  that acceptable contamant conceatxa6ons have been 
reached 

Also once the SVE system was deoomrmssioned, opaat~m of the f b c h  dram would be 
suspended In general groundwater reachmg the dxam would flow around the dram at a slow 
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Table 3-2 
Physical and Chemical Properties of the Primary VOCs in Groundwater 

Carbon Tetrrchlonde cct 153 82 159 76 5 

1 1 Dlchlomuhene Wac4 9694 1 2 2  37 0 

TeurOhlOlW4halC (m4 165 83 1 62 121 

1 1  IT*&- w,C& 13339 134 75 1 

ri 1076 

0 170 
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rate assummg the exrstmg sumps were not pumped regularly Thls would result m a saturated 
reDon d m t l y  upgrahent of the dram and a less saturated remon downgrahent of the d m  
however no adverse mipacts are expected If d e s d  the dram could be decommissioned by 
excavamg pomons at the dmn with a standard backhoe to mcmase its effectrve permeabfity 
For the purposes of detaded analyss it is assumed that the dram would be decommssioned as 

suggested under thts alte-ve 

3 2 6  w v e 5 .  -SVEwith- 

Thu altematwe seeks to enhance the vapomon and subsequent recovery of contammints 
present m the subsurface so& and groundwater at OU 1 As wltb the pmviow altematwe ths 

alte-ve targets contamnuts that have -honed to aqwms, and vapor phases or are 
residuals m the subsurface Tb altcmatwe considers technologm that enhance vapomaQon 
through the elevwon of subsurface temperatwe m areas where target contammints are 

concentrated Groundwater mxhg ur shallow pools throughout IHSS 119 1 would be extracted 
vlil exlstmg wells the exxstmg french dram, and one or two new recovery wells Collected 

groundwater would be tmated by the e m g  Buddmg 891 water matmat system These same 
areas would be subjected to t h e d  enhancement techques once desiturated to enhance the 
removal of any midual eontamumts Themal enhaacement IS expected to be especdy well 
suited for sites w& ught fonnauons such as 1s the case with OU 1 and 1s considered an 
emergmg technology by RPA 

As sod gas contammated wlth Contarmnant vapors 1s recovered through a standad vapor 

extramon system and replacad with clean sod gas aqueous phase, DNAPLphase and adsorbed 
contammints vaponm untd they return to equhbnum saturatlon levels ur the clean sod gas 

thus mcrewmg both the vapomon rate of these wntammnts and the equhbnum a n  

satumQon levels by tempexaturn elevmon subsequently 1tlc1~8ses m e r y  by vapor extmctxon 
Although mcmsed vapomaOon rate and rncreased equhbnum saturnon levels would mcmse 
the effectlveness of the vapor extramon system the pnmary ~~ m total contammant 
recovery would result from an l~lcrease m the number of open pore spaces avadable for vapor 
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transport Any vaponzabon enhancement techmques used with vapor extraction would decrease 
the moisture content of the surroundmg medn Pore spaces that were numy filled with water 
would be opened once the water was vaporized and cinven off The open pore spaces would 
allow for a greater m s i o n  rate of vapor phase contammads thereby mcmtsmg then extrachon 
rate and possibly the &us of &hence of a vapor extraaon system 

Thu altematwe considen two vxable treatment technoloaes that can effect an mcrease m 
subsurface sod temperatures - mho frequency heatmg and electrical resistance (ohmic) heatmg 
Both technologres are dxscussed below although for the purposes of detarled analysis radio 
frequency heabng IS analyzed further, w h e w  ohrmc heatmg 1s merely assumed to be potentnlly 
apphcable at OU 1 and 1s not rncluded m the detaded analysu of altematwes 

Racho frequency (RF) hcatmg was selected as one of the two representatwe process opbons to 
effect an elevauon M tempcnttum of the subsurface matenah at OU-1 that are contammated with 

those contammants that arc VOCs Rp heatmg IS an movauve msitu technology for 
volatrltwng 0-c constituents m sod and water as well as vapomg porn space moisture 
The technology 1s destrable smce &tmnal chemcals axe not lntroduccd urto the subsurface and 

no specml armgment (e g gnds) are ~lcctssary as m convemonal o h c  heatmg 

The m situ RF heatmg p m e s  n q u m  mJNmal mtrusim usmg 3 to 6-mch dnmeter boreholes 
c0n-g stmtcgmlly placed antennae m the d d  treatment a m  Through a combmed 
mechantsm of o h c  and &elcctrxc hcatmg the tempenitwe m the medra IS msed and the 
volatde and SermvoWe orgaruc consbtuents are volatlltzed (Xasevich 1992) Volatrlrzed 

orgamcs am then collected with the vapor extmaon system and subjected to further treatment 
RF heatmg 1s expected to supplement vapor extracbon rn a manner that allows for quicker 
recovery of VOCs from certam areas ofthe subsurface Spea.fMly heatmg VOC source areas 

can e m t e  VOC recovery m the vapor form (1 e ,  hotspots are Wrely to colltatn aqums 
DNAPL and adsorbed phase VOCs whch would be dnven to vapor under elevated temperature 
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condihons) 
extrachon for th~s altematwe 

Figure 3 3 dustrates a sunple apphmon of RF heatmg combined with vapor 

The dielectnc loss of a ma ted  (1 e the amount of energy a ma ted  dmipates as heat when 
placed in a varying electnc field) contnbutes to the heatmg of the c o n m t e d  m& An 
indntor of a m a t e d  s abhty to successfully absorb electromagnehc energy IS its delectnc 
constant Most sods have suitable dtelectnc constants that allow for effectwe treatment Water 
andor sod mouture IS vaponzed by RF energy however steam is transparent to RF energy and 

does not contmue to absorb -on energy Whde the steam may become superheated ths 
occurs only by energy conduaon from the sohd m& and not from dmct electromagnetw 
energy absorptton The steam m turn scrycs to heat surrou-g matenals, enhancrng ad&bonal 
vapmauon Thus, water and/or sod momre does not present a h h c e  to the treatment 

process Fracnue~ and voids withrn the COlltarmMLted matnx also do not present treatment 
problems srnce thermal conductam IS not the pnmary heat transfer mechaxusm Densely packed 
sods are well suited to t h ~ ~  m a t  as 8n other consohdated geolop matenals A vanety of 
heatmg profiles can be genmtcd by rnanplatmg the sub& placement of RF antennae then 

operatmg frequtncles, and the phase output of the Merent antennae Vvtually umfom heatmg 
withm a specfied volume can be acheved with mmnd h t m g  of sumndmg m a t e d  usmg 
a properly designed configuratron Thus 1- treatment can be attamed witb proper design 

RF heatmg has been shown to be capable of mcmmg sod temperature to approxunately 500°F 
"his tempemture would be p t  enough to volathe bosh sorbed and potentnlly hived phase 
conmmants (e g aqueous phase) rn thc subsurface materrals as well as dnve off any moisture 

in nearby pore spaces The temperature of the subsux!€ace mechum would be rased gradually 
therefore vapor extramon wells would be able to extract vapor as it IS genemted The heatmg 
and resultmg smmlvapor generatmn rate could be mntmlled so that the capacity of the vapor 
recovery system would not be exceeded Such umtml would prevent the spread of 
contamrnatton by steam plume expansion Also RF heatrag would only be mplemented 111 the 
vicl~llty of a vapor extracbon well Placemat of an RF heatmg antennae m this manner would 
provide assurance that RF W g  would not lead to a spread of contamumon A vapor 

OU 1 CMSffS Reqort 
881 Wide Area 
August 1994 

DRAFT FINAL 



I Controller Diagnostm 

A I 
AC Power I I 

I 

Generator 

Generator 

Vapor Extraction Well 

'/ Fine-Grained Soil8 J 
Targeted for Heating 

RF Heating Antenna 

Electromagnebc Energy 

Note Fuure reprerentm mformabon promded m part by KAI Technologier Inc 

I U S  DEPARTMENT OF ENERGY I Rocky Flab Environmeatal Technology Site 
Golden Colorado 

881 HILLSIDE AREA 
OPERABLE UNIT NO 1 

Conceptual View of 
Radio Frequency 
Heatqg System 

Flgure 3-3 



recovery system supplemented with RF heatmg would ltkely requlre adhhonal au dryrng 

capacity smce it IS expected that the RF heatmg system would lead to the extmmon of a greater 

amount of sod mosture than convenhonal vapor extrachon 

The pnmary piece of equipment of thts altemahve is the apphcator antenna whtch is placed rn 
a borehole Thu antenna is generally a flextble component of varymg length that radmtes 

electromagn@c energy m the form of mho frequency waves The energy ongmates from a 

generator at the surface and IS transmtted to the antenna v u  a metal cmual cable Standard 

dnllmg equipment can be used to complete a borehole The borehole is generally cased with 
fiberglass or a smdu matonal that IS transparent to electmmagnetx radiaOon The antenna can 

be placed m vemcal or horizontal boreholes Also several antennae may be used concurrently 
m vanous areas with elevated wntammant concentratxons 

LxaUons of RF antennae and vapor extradron wells for cleanup of the volatde subsurface 

wntammants at OU 1 am contqent on det.ruled design through whch the optmum system 

design would be defined, however, it 1s assumed under thu dtematwe that RF heatmg antennae 
would be mstalled m vapor axtraictron wells near the vapor extracbon wells bemg operated The 
number of vapor extradlon wells m q u d  would range from 10 to 30 dependmg on saturahon 

levels The spacing between boreholes can range depanrlmg on the RF heatmg fnquency depth 

mterval of heated volume and p e e s  of the matenals heated An amy of mulbple 

boreholes can pmide umfbrm hcatmg of a gwen subsurface volume Control devices momtor 

performance of the RF generator and adjust the outputs to optrmrze system performance Sod 

gas momtomg wells must be m place m the wcmty of the RF heatmg antennae These wells 

are nectssary to momtor for potentad 1I1cI#Lsed mgm~on of contarmnaat outside of the mhus 

of mfluence of the vapor a m o n  well(s) 

Support equipment for RF heatmg can be housed m one trader A portable power supply such 

as a hesel motor generator, may pmwde the necessary three phase power for the RF antennae 

AU transrmssion lmes amnectmg support eqwpment to the RF antennae are commercially 

avadable 
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Ohmic H W  

Ohmic heatmg was also selected as one of the two representative process optrons to effect an 

elevabon m temperature of the subsurface matenals at OU 1 that are contammated with volatde 

contamlnants This technology is considered an emergrng technology whch is currently bemg 

exammed under the Operable Untt 2 (OU 2) txatabhty study pro- hke RF heatmg ohmic 
resistance heabng is an IlI;MIv8tlve m situ technology for enhancrng the performance of sod vapor 

extxamon by volablmng orgamc constmcnts m sods and groundwater and by vaponzmg pore 

space m o m  U b  RF heatmg however o b c  resistance heatmg results from the 
transmission of an electrical c u m t  through the medn taqpted for cleanup As such a 

prerequisite for o h c  hamg IS that the medn must be able to conduct an electrical current 
O h c  heatmg requms the placement of a gnd of elecbrodes and sometunes the aatron of 
water m the area targetad for = w o n  The proccss requms only mrnlmal mtrusion and has 

most often been mplemented usmg SIX electrodes mtalled m a hexagonal pattern to the depth 
of the contamnmts, with a vapor extractton well placed m the center of the pattern as shown 

m Figure 3-4 (ha  et al) 

SIX or t h m  phase power can be used to supply c u m t  to the mstalled electrodes The= is 

some benefit with SIX phase power m that a mom untfonm heatmg pattern can be mhzd m the 

area bemg treated (Bumner et al) However the 11Iclrt8scd umform~ty comes at the expense 
of needmg add~tronal equpnent to spht normal three phase power mto SIX phase Electrodes 
are usually constructed of stamless steel tubmg, whch can also serve as passive SLU dets  

The pmciple of o h c  hcatmg IS sunple Basically electrical currents are made to flow 
between electrodes placed m a contarmnated reeon causmg resistance heatmg (much the same 

way that passmg an eleancal c u m t  through an oven heatmg clement genemtes resistance 
heatmg) C u m t  flow through subsurface matcnals tends to be greatest m fine-grauled sods 
such as sdts and clays These types of soh arc generally less permeable than sands and gravel 

thus heatmg the clays and dts can dnve off contarmnants contamed therem that are not easdy 
accessible with convcnQonal sod vapor e-on Once the volatdc contammants arc dnven 
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out of the less permeable clays and dts mto the more penneable sands and gravel they are 

more suscepQble to recovery by vapor extracQon As with RF heatmg sod moisture can be 
heated with o h c  heatmg to generate steam Steam can provide adchbonal stnppmg of adsorbed 
contarmnants Also the removal of sod moisture can mcrease the a n  flow penneabhty of the 
sod bemg treated thus enhancmg the capabfity of vapor extracbon to remove contammints (but 

lessenmg the ab&ty to contmue heatmg the subsurface with electrical current) 

The pnmary pieces of qwpmeat needed to support ohrmc heatmg mclude stamless steel pipmg 
(for electrodes) a 60 Hz power supply an ophonal stx phase transformer thermocouples for 
momtonng subsurface temperature and a vapor rscovery/tmtment system Electrode gnds may 

be placed at vmous locat~ons for treatment Bxtracted vapors from mulhple locahons 
may be dvected to a central treatment l m o n  or to mdwdual m a t  umts 

The locahon of the electrode gnd(s) and vapor extrachon well(s) for cleanup of the volatde 
subsurface con-& at OU 1 am camgent on trcmtnhty test msults m which the opmum 
system des~gn would be ddined, however, for ttuS altcrnat~ve it was assumed that one gnd 
would be mstalled at IHSS 119 1 lbs gnd would have SIX electrodes msertcd to appmmately 
20 feet below the s u h  m a hexagonal amangemat malung up a cmle with a dmnetcr of 

approxmately 20 feet Addrtlonal gnds would be nequrred to medmtc the en- site As 
previously dscussed the amcqtud approach pnsented for RF h-g 1s tamed forward for 
W e d  analys1s The mfomatmn presented here on ohrmc heatuag may be beneficml If it IS 
selected as the preferred technology pnor to mplemenmon of any mcdd achons at OU 1 

/ 

Implementahon of either technology would stdl reqwe groundwater mmtonng to ensuE that 

residual DNNX sources have m fact been mahated In addmon, opratmn of the french 

dram would be ducontmued after mplanentatmn of the altcmat~ve unless the system was 
utdued for another operable umt Groundwater reaclng the dram would contmue to flow 
around and beneath the dram a lb t  at a much slower rate than pnor to its mstallatton assummg 
the exlsturg sumps were not pumped ngularly This would result 11). a satunrted reDon drrectly 

up-nt of the dram and a less saturated =@on downgmhat of the dram however no 
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adverse unpacts are expected If d e s d  the dram could be decommissioned by excavatmg 
porhons at the dram with a standad backhoe to mcrease its effectwe permeabhty For the 
purposes of detaded analysis it is assumed that the dram would be decommrssioned as suggested 
under thls altematwe 

Thts altername would requne a remeduuon tune frame of approxmately three years 
NESHAPs perrmts would be requuled for any other gas tnatment systems and groundwater 
momtomg IS assumed to be pxesent for 30 years after r e m w o n  Thts would be r e q u d  to 

venfy that all residual sources of DNAPLs m the subsurface have been remednted 

Thrs altemtwe would use gmndwater extm&on and hot ar  enhaaced vapor extractlon with 

mechamcal mwng to enhance recovcly of contarmnants present m the subsurface at IHSS 119 1 

Thts technology IS consxhd momve  and would have to be tested at OU 1 pnor to full scale 
opexabon Such a technology would target con-& that have V m e d  to the aqueous 
phase m the subsurface those that have adsorbed onto the subsur€im sob, those that e m s  as 

pools of free phase DNAPL and those that occupy sod pore spaces m the vapor phase To 
maxuIllze the efficiency of this alternative it 1s assumed that a Wed sod gas suwey would be 

requued to ident@ potmtml midual DNAPL sou" m the subswface 

Thrs alte-ve q u m s  the mmeduitxon of up to 20 OOO cubic yards of sod m MSS 119 1 by 

III situ treatmemt with a mobde treatment system The treatment system selected would use hot 
an to enhance volabhuon of adsorbed and Qssolved VOCs wlvle smultaneously mcrcasmg 
contact of the hot an with the VOCs by rntchcal mmng (Avadable groundwater would be 

extracted from the vicmty pnor to treatment) Heatad an 1s both the pnmary means of 
temperature elemon mduaon and of mreasmg subsurface vapor flow and recovery The 
mmng enhances volatdmt~on by mcmsmg deso~on  surface area and ehmmtmg barners to 
contact between the cmtammnts and the hot an Figure 3 5 presents I conceptual view of the 

hot au mje~t~m system 
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The pnmary treatment system m thu alternative consists of a cate~~lllar mounted dnll ng with 

spec- dnllurg equipment The dnll equipment is capable of dehvermg treatment reagents 

such as hot axr or steam VP ppmg m a hollow dnll bit shaft The d d l  bit has a cuttmg/mmg 
blade whch can vary m dlameter from 4 to 12 feet Groundwater extrachon wells would be 

placed m previously treated sod columns Dewatemg of a small area pnor to m t m g  the mtnl 

sod column would be accomphshed VP an extramon well drrlled with conventional dnllrng 

equipment Extracted groundwater would be treated through the exlstmg UV/peroxlde treatment 

system The dnll ng can produce up to 350 0o0 ft lbs of torque, sufficient to provide excellent 
m m g  of subsurface sods as the dnll bit descends through the sod column The dnll bit also 

has multlple mjmon ports for hot au dehvery The muluple ports provide umfom dehvery 

of hot a u  throughout the treatment zone The caterpdlar mounted dnll ng is moved from one 

treatment zone to another scquentnlly untd the entue site IS remaluted The treatment columns 
or dnll sbafts are overlappd by 20% to ensure adequate treatment throughout the en- site 
4 to 6 columns can be treated per day, dependmg on site cond&ons 

For volade cornpads such as those at OU 1 a =gatwe pressure shroud 1s placed over the 

entue treatment zone to captuxe off gases for dehvery to an onboard off gas treatment system 

Mats are placed under and around the ng to ensure that contammts do not reach the 
atmosphere by surfacmg autsade the shroud The shroud vacuum is connected to an off gas 

treatment system A vapor-hqud separator removes entmncd hquids for dehvery to the 

Buddmg 891 water m a t  system Vapors conmw through the off gas treatment system 
For the contammants and concenWons at OU 1 vapor phase &n adsorption IS the preferred 

treatment optxon Once treated the a n  IS recycled to a compressor and heater and remjected to 

the subsurface 

Removal of groundwater by pumpmg wdl be accomphhed by extractlon wells placed near the 

treatment zone to depress the water table and mover contammted groundwater The wells wdl 

be placed m post tmtd sods due to the ease of placement m these QstuW areas "Ius 

ensures the rcc~vcry of aqumus morgamcs present m the groundwater Thus the altematlve wdl 
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address morgatuc as well as 0-c contaminants The recovered groundwater would be 

pumped to the cx1sfing Bulldrng 891 water treatmat system whch is designed to treat all 

contamrnants found m OU 1 groundwater 

Although tius altemauve mvolves removal of the soum of contammuon momtomg of 
groundwater would be rcqurted once the remedud m o n  IS complete to venfy that all residual 
DNAPL sources have been ramhated 

It IS assumed that after complctmg thu altcmat~ve the exutmg k h  dmn would be 
decomrmsslloaed Groundwater reachurg the driun would contmue to flow around and beneath 
the dratn albut at a much slower rate thaa pnor to its mtdlatm assummg the exlsrurg sumps 

were not pumped mgularly Thts would result m a saturated won drrectly upgmhent of the 
driun and a less saturatsd rcgron downgradmt of the driun however no adverse mpacts are 

expected Ifdesrrad the dram could be decommm~oned by excavatmg portrons at the dmn with 
a standard backhoe to mcmsc its cffecblve pcxmeabd~ty For the purposes of Wed analysis 
it IS assumed that the dnun would be dcumummoncd as suggested under t h ~ ~  altematwe 

This al temve would re~uve  3 years to unphent and would reqme pemts for off gas 

wtment only (assumtng the cxwbng B u W g  891 water tmatment system IS cumntly pernutted 

a p p r o p d y )  Onrundwater rnomtomjg would continue for 30 years or u n a  it IS d e t e d  
that momtomg I no longer mped 

l k s  alternat~veu mtcnded to reduce or elmmate the nsk to a rcsxkntal receptor at JHSS 119 1 

through sou= mnoval of am&mmtd pndwater  beneath a ducrcct w o n  of the IHSS 

Thn altcmat~ve Men from the 111 situ groundwater treatment d t c m a t I V C  m that a portron of 
unsatumed saris at the IHSS would be excavated down to the water table to allow for the 
removal of localtzed groundwater amtmmt~on Thts IS a worst-case sccnano whch would 
enable contamtaatad water to be located and subsequently removed Such efforts may be 
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Excavabon would be termmated slightly below the underlymg bedrock to ensure that all 
contammated groundwater pools are mched The gr~~ndwater would be collected usmg sumps 

required based on the current understanag of the hydrogeologx condmons at OU 1 whch 
suggest complex geology m the m 

The volume of groundwater requmng treatment and the amount of sod whch would have to be 

excavated for thts altemve wexe calculated based on the results of the Phase III RFI/RI Th~s 
altemabve would requue excavmon of appmxmately 20 OOO cubic yards of unsaturated and 

potentdly saturated sods m the southwest comer of IHSS 119 1 (see Figure 2 2) The amount 
of groundwater collected dumg the excavabon would be appmxmately 80000 gallons 
dependmg on the seasonal level of the water table This 1s a rough estunate of the amount of 

groundwater pnsent under low saturated con&bons usmg the measured pomsrty of the sods 

mstalled withtn the excavatm Standard submemble pumps would be used to dmct collected 
groundwater to the ex1stJllg french dnun sump pumps The groundwater would then be 
transfenred to the Buddmg 891 water tnatment system at OU 1 for final merit and 

dwharge A pqmg system from the excamon to the OU-1 tmtment fiwhty would be 
r e q u d  (see Figure 3-6) Thrs would W y  be CollStNcted of PVC and b u d  to a sufficient 

depth to pwent freumg A control system would also be needed to ope- pumps as demand 
r e q u d  and to mmmm the llttd for manual oversight and operat~on 

The actual excavmon would be accanphshcd usmg COllVCIItlOlllil constructmn equipment 
although breathrng apparabus may be lncluded as part of the m a c h m q  or may be handled 

separately on an md~wdual baas "he excavated scnls would be treated on-srte usmg a dud 
mounted t h e  dewwon uxut and then transportad to a IICensed faclltty for &sposal 

Rad~ologxal moxutonng would be conducted for the duratm of the alternatrve due to the 
potentnl pnsence of plutoxuum m the sods Although thts altematwe molves mmoval of the 
source of contammatm to groundwater at MSS 119 1, momtoring of groundwater would stdl 

be r e q u d  once the mW -on IS complete to vex@ that all sou- of midual DNAPL 
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contammuon have been remahated 
would also be requved dumg the excavaon and pnor to its closure 

Short term momtomg of vapor concentmuons m a n  

The remexhabon tune frame assumed for t h ~ ~  altematwe is less than one year Once remexhauon 

achvibes a ~ e  completed the e-g french dmn would be decomrmssioned rf appropriate If 

terms of the dram itself, groundwater rcachg the driun would contmue to flow around and 

beneath the dram albeit at a much slower rate than pnor to its mstallabon assummg the exlsbng 
sumps were not pumped regularly This would result m a saturated regon dvectly upgmhent 
of the dram and a less satuxated repon downgadmt of the dram however no adverse unpacts 

are expected If hued the dram could be decomrmssloned by excavatmg porbons at the driun 

with a standard backhoe to mcrcasc its effectwe pemcabd~ty For the purposes of detaded 
analysis it is assumed that the dram would be decommmioned as suggested under th~s 

altematwe 



4 0 DEI'AZLED ANALYSIS OS' ALTERNATIVES 

This semon documents the demled analysls of the followmg remedml acbon alternames 

AltematweO 

Altemattvel 

Altemve 2 

Altemtlve3 

A l t e m v e 4  

Altexnatlve 5 

Altcmat1ve6 

A l t e m v e 7  

No Amon 

Inst~tutIonal Controls Without the French Dram 

ImtatutIonal Controls With the French Dram 

MMied French Dram With Mt lona l  =on Wells 

Gmndwater Pumpmg and Sod Vapor Extramon 

Groundwater Pumpmg and Sod Vapor &-on With Thermal 
BlIhmcmellt 

Steam hJectk0n With MdUXUCd MIXUIg 

Sod Bxcavatlon and Grorwdwater Removal With Sump Pumps 

Alternative 8, Cappmg With Xnshtutaonal Controls IS not rncluded rn the det.luled analysis of 

altemat~ves because i t  was scrcclldd out from further analym m Smon 3 

Thls sectton analyzes the proposed rem* -on altunat~ves wmg the cntena specfiied at 40 

CFR 300 430 of the NCP Det.ruls of the altematIvcs presented UI Swt~on 3 0 are used as the 

basls for these cvaluat~ons The two most m p o m t  cntena the threshold cnma are statutory 
requmments that must be satdied by any alternative m order for it to be ehpble for s e l a o n  
The threshold cntena am overall protectton of human health and the c n m m e n t  and 

comphce  with ARARs L 

The five pnmary balancmg cntena of long term effectmncss and permanence, reducbon m 
toncity mobfity and volume short term effectwenass mplemcntabfity and cost are used to 
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evaluate major performance objecbves for altemat~ves The relistwe performance of each 
altemahve IS evaluated and compared to idenafy any al&matwes that are clearly supenor or 

mfenor to the other altematwes under considerahon 

The two m-mg cntena state acceptance and commumty acceptance evaluate the feasiblllty 
of usmg the preferred al temve m terns of its acceptance by regulatory agencies and the 

commumty at large These cntem are not evaluatd una after the formal pubhc comment 
penod on the CMS/FS repoa, and are them addressed m the Correctwe Amon Decision/Record 
of Decision (CADIROD) 

4 1 1  m t h e -  

Thts cntenon addmses the overall protectiveness of the propoJed remedy by descnbmg how 
human health and env-enu nsks an? ehmated, reduced, or CoIltroUed through tzeatment 

engmeenag colltmls or rnstrtutronal c o n ~ i s  This evalILtloll cntenon acts pnmarrly as a final 

check on the conclusLoLIs mhed M applymg the other pnmary balancmg and threshold cntena 
In parbcular thrs overall amamcnt of pmtemveness draws on the analyses conducted under 
the complfatlct with ARARs long- effect~vcness and permanence and shofiterm 
effectweness cntena The evalua~on of o v e ~  pmtcct~veness exammes whether an alternatwe 
results m any u-le shcnt term or cross maha rmpacts 

4 1 2  3 

The selemon of ARARs for a remedtal w o n  altematwc at a site IS governed by the ngulabons 
of the NCP [40 CFR 300 4oo(gll and BPA s guidance u1 office of Sohd Waste and Emergency 
Response (OS-) Ducctwes such as the CbmpIrance wrth Other Laws Mmucol(#9234 1) 

The potentnl hst of ARARs for maid adrons at OU-1 has been presented to the regulatory 

agencies m T M s  #10 and #11 A b s s i o n  of the selectam of c h d  specrfic ARARs for 
OU 1 has beenpmcntcd UI subscc%on 2 3 1 Bnefly summanzed, ARARs am 
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apphcabie, that IS, a rcquuement that under cmumstances other than CERCLA 
apply to the contammnt acbon simoon or locabon 

or 

relevant and appmpnate Thls is a requmment that is not normally apphcable to 
the set of crrcumstances (contarmnant amvity locabon or situaoon) but because 
the requrrement addresses an achvity, locabon or S i m o n  s m h r  to the 
circumstances proposed at the rem& amon site and the requuemcnt is well 
suited to the r e m a  w o n  at the site i t  is judged relevant and appqnate It is 
possible for a requuement to be relevant but not appqnate for site speclfic 
cvcumstances 

As E m e d d  won alternat~vcs are developed and screened through the feasibhty study process 

so are the ARARs further analyzed and screened m the CMS/FS process 

Achon q e d c  and location specfi ARARs pnmously identrfied m the early stages of the 
CMS/FS prooess we= scxwned agam to check the jun$d~ctmal and cmmstaatral pmrequimtes 

Each ARAR was noted as applicable or relevant and appropriate for each altcmatwe at OU 1 

The cntcna used to maluate apphcablc xequmments 8 ~ c  

The cntena used to evaluate relevant and apprapnate requmments are 

srrmlanty of substarm or contarmnant addressed under statutehegulabon to 
situaaon at OU 1 

su11118nty of medm affected by the reqummmt under statute/regulaaon to 
cmmstanws at OU 1 
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sundanty of emtm affected by statutekguhon to achondactnaaes proposed at 
ou 1 

sundanty of the place addressed by statutdregulabon and the type of place affected 
by proposed acbon at OU 1 

smlanty of structwes/fac&y/te!chnology addmsed by statute/regUlaQon to 
structudfachty/thnology proposed at OU 1 

any excmpbons or vanances of a quwement and the= avadabbty for 
cmumstanccs at the OU 1 site 

Each specfic rem* actm altemabve ls assessed to dete- lfthe proposed aaon w~.U/can 
comply with each ARQR or TBC Smon 121(d) of CERCLA requves mdal mons  to 
comply with or exceed the ARARs deslgaatod at a ate Thu 1s one of the pnmary -hold 

cntena deagnated m the NCP rtgulatlons for choosmg a proposed r e m W  mon at a site The 

results of the ARAR analysu conducted at OU 1 spec& to each proposed altemve 1s 

pmscnted m Appendrx D Key ARARs sekcted for ducusslon m the dctiulexl analysrs of 

altematwes luted below where key ARARS are those ARARs judged to be most cnbcal to the 
unplementabhty of an abmatnre 

Colondo Pnmary Dnnktng Water Standards h c l e s  1 14 CRS 244104 105 
and 25 1 107,109,114 

RCRA R@atla - parts 262 264 265 and 268 and proposed changes to 261 

ColoradoSohdWasteRcguUons 6CCRlCnn2(2115 2 5 5  and257) 

Colorado Au Pollutmn Control ReguWons 5 CCR 1001 5 Rcgubon 7 

Colorado Non game, Endangered or Threatened Species ConscrvaUon Act CRS 
33-2- 101 

Comphnce with an ARAR can be waved under spec& cucurnstams as designated m 
CERCLA, as amended [Sectxm 121(d)(4)] and m the NCP regulatunrs Any proposed wavers 
from complmce with ARARs 1s pnscnted m the proposed decmon documcat along with the 

reasons for such contemplated -on 
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Reasons for a waver mclude the followmg 

a State standard has not been consutently apphed rn smular mumstances 

it is an rnterun actton 

comphance wdl result m greater nsk to human health and the envmnment than 
altematwe options 

the selected remedal actton wlll a#arn a standard equivalent to an apphcable 
standard uslag another approach 

Smce the State of Coloxado IS authormd by BPA to unplernent the RCRA program the RCRA 

ARARs under the State program am designated as key ARARs Releases and at OU 1 

occurred pnor to the effcct~ve date of the RCRA rcgulat~ons and therefore the RCRA program 
~gulat~ons am des- relevant and appmpna& to the substances (spent solvents and 
contamxnated m&) and ate cmxrmstanas at OU 1 

Comphance with the RCRA p g m m  mvolvmg releases of hazardous const~tuents from sobd 
waste management mts (SWMUs) under Subpar& P IS a relevant and appropriate requmment 
for all alternattves In -, the Cormme Acbon Management Umt (CAMU) Subpart S 

xule recently adopted by the State (264 552 of 6 CCR 1007 3) IS a relevant and appropriate 

requvement for all alternatves It IS a relevant and apprapnate xqumment because thls rule 
allows remrxhon wastes to reansun m place after closure of the CAMU providmg cem 
requmments are met by the owner The defiitmn of = W o n  wastes IS sold and 
hazardous w8stcb and medm tbat contam hsted hautrdous wastes or whrch exh~bit a hazardous 

waste c-c tbat am managed for the purpose of unplcmenbng CoTicctrve amon 
requmments " 

Requmments of the owner of a CAMU axe 

1) abng of the CAMU IS to be m accordance with the requmments for sitmg 
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hazardous waste d~sposal sites under 6 CCR 1007 2 FQxt 2 (solrd waste m m u m  
standards 2 1) and 

2) SubpartsB C D andEofpatt264or265aretobemet SubpartBisfocused 
on general mspect~ons Subpart C is the preparedness and prevenhon provisions 
Subpart D is the conhagency plan and Subpart E is the record kecplng provisions 
Subpart E is an uhmtmtwe requvement and not an ARAR 

By designatmg the untt a CAMU CDPHE wdl fachtate unplementabon of a rehable effectwe 
protectwe and cost-effmve remedy (cntena of an NCP/CERCLA selection) CDPHE may 
spec@ any closure post-closure and any groundwater momtomg or long term mamtenance 

amvibes as part of the Waste management 

mvibes assoc18tcd with CAMU cannot create unacccrptabe nsks to humans or the e n v m e n t  
Smce the documcntatm of the CDPHE dcsignabon is requved to be made publtc acconhng to 

the CAMU rule it 1s assumed that any designatmn of the CAMU wdl appeatm the Proposed 

Remedtal Actron PhdPropoed Plan (PW~) and the CADROD 

(6 CCR 1007 3, Part 264 552(e)) 

In a b o n  to the specrfic statutory requlFMnents dmusscd M Smon 4 1 2 CERCLA guidance 

emphasrzes the pref- for tmtment to acheve long term p w o n  and permanence for the 

proposed remedy Cntma for cvaluatmg long term effactlveness and permanme mclude the 
followlng 

p e r s m ,  toxmty, and mob&ty of hazardous substances and then conmtuents 
and theu tendency to bioacuimulate 

long texm potcntd for adverse health effects f m  human exposum 

long-term cost of moxutonng and mamtcnance 
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These considerahons am focused on the magmtude of TesLdusLt nsk remammg after the response 
objectwes have been met The evduaQon of the proposed dtemahve must lnclude an analysis 

of the contmued potentul threat to human health and the envmnment from untreated waste or 

treatment residuals remsulllIIg at the site after comhve a o n  has been taken Th~s analyt~cal 

process lncludes the followlng elements 

volume and concenmon of contatwants III untreated medu 
volume and concenmbon of contammnts m treated residuals 
requmments for fiveyear site reviews and long tenn momtonng 
Mi&s asxxmed with long tenn operations and mamtemnce 
confidGlICc m the adequacy of controls 
avahb&ty of equipment used m the altunat~vcs 
habitat value followmg remedtal act~ons as compared to exutmg habitat 

4 1 4  m o f T - . o r V m -  

Thls cntenon evaluated thc abhty of a remedal -on altemt~ve to reduce the nsks at a site 
through the destructm of towc contammnts nduchm of the total mass of tomc umtammts 

d u m o n  rn contammant mobhty or &&on m the total volume of contammted medm The 
NCP states a preference for remcdnl d-vcs that rnclude m c n t  as a pnnclpal element 
of the remedy over those that do not specrfic consimons mclude the followmg 

extentof~ctlonmTMv 
mersibhty of the mat 

adequacy of the treatment pmccss to address p m m  medmbon goals 
spec& raqwr#neats and lmtatxons of the tmatment process 
volume of the contarrrmattd medu that are tnated 

quam- and tom charactensttcs of the tmtment =duals or by-products 

Thu cntenon addresses the p o d  of tune dunng the c~nstruchon and unpbmcnmon of the 
remedy The evduatm covers commumty protechon and site-worker protechon dunng the 
remedmon penod as well as any potential adverse envmnmental unpacts that may resulr from 
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constxucbon and unpkmmatwn The considerabcm of envmnmental unpacts dunng the 
remedxabon penod also lncludes an evaluabon of the Impact of the rem- acbon on the quabty 
of habitat 

4 1 6  

Thls cntenon addmws the uchnrcal and adrrrrmstratlve feasibhty of unplementmg a remedy 
mcludmg the avadabhty of matcnals and sewices needed dunng its Implementabon 
Implementabhty IS partrcukdy unportant for evdumng the rehbhty of technologm that are 

less proven and when evduamg nmedxes that axe dqmdcnt on a hxmd supply of equipment 
vendors or specmhsts Specdic considcratms mlude the foflowrng 

avaWnhtyof~tandspacraJ lSts  
abhty to amstmct and operate the dtcmbve withm a 10- to Wyear  tune frame 

avadabhty and mldnhty of the components of the a l m v e  
&&ty to moMtot tho ~ ~ v c r l e s s  of the dtemlativc 
dmomtmW pdbmmce level of the treatment coqonents and equqment 
chfficulty rn mphwntmg future r e m a  acttons once the altematwe IS rn place 

The Implement&&ty c v a l w  also addmws the reqummenrs for mrdumon with local 
state and federal offices and agencies to obtam ncc&9s81y pcmnts 

4 1 7  

Thls cntenon addmses the dm of the capital cost for atch alteraatlve as well 8s the long 
term operabon and mamtmme (OaM) expen&tures n q u d  to sum Resent worth cost 
analysis IS used to camp expemhms that occut over M e m t  tune penods By Qscountmg 
all costs to a common base year the cost of each altem&ve can be reduced to a srngle figure 
for comparative analysls To calculate the p=t worth of each altemmve t h s  report assumes 
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a discount mterest rate of 5 percent (as specfied m the CMS/FS guidance) and an 

unplementauon penod of 30 years for long term O&M or the actual unplementaUon pen& If 

it is less than 30 years 

Cost may play a si@icant role m Memnmtmg opuons that appear comparable with nspect 

to long term effectwenas and permanence or when choosmg among merit opuons that 

provide s m h  performance An altematwe with a cost that 1s excessive when compared to 
overall effectlveness may not be Wible to unplement as a fiaal remedy Also, an altematwe 
with a low mtxal capital cost may be maze costly ovcraU when the 08rM costs m considered 
mgher cost may be offset by mpmvcd performance or p&er long tenn nsk &&on m the 
cornparafive analys~s of altcmatwcs Ultmately however, the r e m u  attenrattve that satsfies 
the CERCLA quuemeats M the most cost-effectwe manner wrll be selected as the preferred 
alternatwe 

4 1 8  

State acceptam refers to the state or support agency s cornmeats on the appropnatemss of the 

proposed remedy Thc state s posiQon and key concerns about the preferred alte-ve should 
be assessed as early M the pmms as pracficabe 

4 1 9  

Commumty acccptmcc evduatm the asurn and concern raJsal by the general publtc m theu 
response to the altcmatnm ckscnbed M the CMS/FS report Interested persons or groups m the 
commumty may support, have rcscrv&ons about or oppose some components of the pnferred 
remedud altmatwe and tbev cmcms may influence the final selcchon p m c a  

Detadcd analytus of alteraatlveJ 1s accomphshed m tins + by cvaluatmg the two threshold 
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and five balancmg cntena for each altematwe The analysis IS conducted at a level of d e w  that 
budds on the mforrnahon presented m Smon 3 sufficient to provide an understandmg of each 

altematwe and any uncertamtxx assocnted with the evaluabon Key trade-offs with respect to 
the cntem are i d e n ~ e d  for the altemabves Accordtng to the CMS/FS guidance the results 

of the detaded analysis are designed to prow& the bass for 1den-g a preferxed altemabve 
for r e m d  aaon 

Assummons used m pefonnurg the detaded analysm of ~~IIS CMS/FS rnclude the followrng 

DNAPLs a n  potentally present m the subsurface at I H S S  119 1, based on the 
results of the Phase III RFI/RI report If present it is assumed that they are 
pnmanly In restdual form and ln smau quantities 

Growdwater momtormg proposed under each r e m a  altematwe would mclude 
samphg and analym at the french dram, the austmg groundwater e m o n  well 
and potentially four new moxutonng wells at OU 1 The locabons would be 
sampled tmuannu8lly and aualyzcd for both orga~~c and mrgmc COCs 

A sod gas survey would be mnducted F o r  to mtmbng any of the proposed 
tmtmcnt actrons to moa accurately define the axem at IHSS 119 1 requmg 
tregtment For p~rposes of the detarled analysis only the previmsly identrfed 
sou~ct a m  1s consldmd 

In the compamtwe analysis a quatrbatlve sensrtlvlty aualys~ 1s performed to assess the major 

assurnpttons wluch, dracozrsd, could sxgmfhntly lmpact the msults of the detarled analysis of 
the altemataves 

Groundwater moattorrng IS mluded as part of each mmcdd act1011 a l t c ~ v e  pmscntcd hemn 

For the purposes of the dccatlad amdys1s of altemat~ves it IS assumed that SIX momtomg pomts 
would be used for performance momtomg of each altematave Four new wells would be 
mstalld, one deep and shallow well cluster downgradmt of MSS 119 1, and possibly two 

add~t~onal wells upgradtent of Woman Creek It IS suggestad that placement of the well cluster 
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be preceded by geOlo@cal and geophysical support such as photographc heament analysis, 

andor three-dunensional s e m c  surveys T ~ I S  would enable paleochannels and faulted zones 

to be clearly idensed pnor to well placement 

Samples would also be collected from the hnch  dmn sump and from the exlstmg recovery 

well Samples would be analyzed for orgaarc and 111org811lc contammints and would be 
collected sermannually Analys~ of mdwidual species of morganrc contammnts is also 

suggested to i d e e  dvldual metal species whlch have the potcnhal to bioaccumulate Thls 

add~t~onal ana lys~  requvament should only be a p p l d  o c c a s ~ d y  m the samphg pro- 

PQLS would be used to deterrmnc compltance with CDPHE scandatds 

To support the dolarled analysis of r emuhl  -on altemat~vcs, groundwater modehug was 
perfonned to p d c t  down- contammant conccnWons d t m g  from suspected sources 

atlHSS 1191 Tbrwconoq?tualmodelsw~idan~andugcdtopred. lc thturcCOC 
concentmuons at Woman Crak The no actton scc118no was used to txtirmclt contammut 

nugratton pattern excludmg source removal and the austmg fnnch dram and ex-on well 
(Altemat~ves 0 and 1) "he h c h  dram mshtut~@ control scenano was used to examme 
contammint rmgrat~m patterm with the h x h  dram 9nd extracbon well m place (Altcmat~vm 

2 and 3) The medumm scumno was used to examme the effect of remedntmg all of the 
suspected sourcts wathm IESS 119 1 to MCLs and to p d c t  downgmhent concenmons once 

tlus goal was achwtxl (Altarnatwes 4,5,6, and 7) 

The groundwam model IS cbsscnbed m dctad m Appdnc B In general the computer 

smulatIon code TARGET-2DU (Dames & Moore 1985) was used to smulate contammt 

transport m the subsurface TARGRT-2DU IS a vcrtmlly onentcd finrte cbfkcme model that 

can smulate vanably sahrrated cond~t~ons The modcl wdl be avdable for pubhc usc late m 
1994 T ~ I S  model was selectd due to thcvanab~I~ty of the saturated zoneat OU 1 and because 

it has been successfllly appW at other Superfund sites to support final CADS and RODS 
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&Wed assumpttons and unccmoes assocfatcd with the model are mcluded m Appenchx B 

Some of the major assumphons and/or uncertamtw that iden* consematwe pomts m the model 

are summanzed below 

The model IS two dmensional therefore dqersion (spreadmg) m lateral to the 
plane of the model IS not smulated Ths causcs over p d m o n  of concentrattons 

The model does not account for decay of contammts adsorbed to sod 
dewwon occu~s, then concen~ons  atrt conservattvely over pred~ctcd 

If 

The model does not account for volatkat~on of orgaruc contamman& It IS k l y  
that volathat~on IS an m p m t  process because of hgh volathzabon rates for 
these chermcals (bigh Henry s Law constants) and because of the short Qstance 
from groundwater to land surhce 

The model pnxhcts mcrcasw c o n c e n m  at locat~ons hkc Well 0487 and 4387 
w b  observed cowmtmhons fluctuate around a generally amstant average Thls 
most hkcly due to the way m whch -on IS s u n u W  and to ignonng the 
effects of volatdmuon 

In exammug the ~esults of the modchug effort, PCE was selected as the mdmtor chermcal for 

OU 1 The MCL for PCE IS 5 x lo3 mg/C PCE conccnWons at Woman Creek were at a 
maxunum at the end of the modeled tune pmod for the no -on and fnnch dram mstmt~onal 
control con- models w h m  they appeared to be appmachmg an asympo~~c value near the 
maxunum conccntratm pmd~ctcd Under the remaiut~on conceptual model peak 
concenmons occurttd withm the modelad tune penod The peak concentrat~ons pradlctad for 

PCE under each conceptual model (with dtemtwe numbers dmtxfkd) arc luted below along 
with the year m whch the peak concentrahon was observed 

no act~on scenarios (0 1) 3 60 x mg/t IJI 2369 

hnch drazn mt~tut~onal mnml scenarios (2 3) 8 62 x lo4 mg/2 rn 2269 

nxnedmtmn scenmos (4 5 6 and 7) 5 84 x 104 mg/C m 2152 (30-year average 
at peak) with 5 94 x 104 mg/t as the actual peak concen~on 

These conceptual models were used to estrmate residual nsk levels assoc18tcd with the vanous 
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remedal aaon altemt~ves proposed 111 thls w o n  Peak concenmons for other COCs were 
several orders of magmtude below that of PCE 

The nsk assessment pnsented 111  append^^ C documents the approach and calculahons 
performed to estunate residual nsks assocnted with the proposed altemves To select the 

most appropnate pathways and mintor chenucal the mults of the OU 1 PHE were fmt 
miewed Groundwater modelurg d t s  were then compared to contammint w f i c  PRGs for 
OU 1 Thts comparison mdmted that PCB 1s the most conservatwe contammant to use m the 
nsk assessment, that IS it cuntnbatcs the west nsk to htun groundwater mxptors basad on 

modeled contarmaant COMxILtrBtons at Woman Creek 

Groundwater modehug was performed to cstunate the concmtmtm of PCE 111 groundwater 
usmg three conccpmal models for OU 1, as descnbad m the modclmg summary above 

Usrng groundwater rnodehg results with the most mservatwe exposu= pathways, 
noncarcmogmc hazard mcl~ca and canmogmc nsk w m  dculated The results of these 
calculatrons xnckatc that none of the calculated ~~c hapvd UIclrCes approach umty 
and that the m u m  calculated cammgcmc nsk IS for the sccnano of no nmcdmQon of the 
mum contarmnant and ducontmumg -oris of the h c h  dnun and extramon well, (1 e 
no action) The max~~llullll nsks am luted below for each modclcd scenano with altexnatwe 
numbers ltstad m parenthems 

noachonsananos(0 1) 1 W x W  

mmhatumsccnanos(4 5 6 7) 3 2 2 x 1 0 '  
fifflch draur ms&tut~d contml scemos (2,3) 4 76 x lo9 

The NCP requms that the No -on MtexxWve be evaluated as a bgselrne al temve agamst 
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whtch other altematwes can be compared Th altematwe assumes that acceptable groundwater 
contaminant concentrations would be acheved through M ~ U I ~  degradaQon and dtspersion of the 
groundwater COCs at OU 1, and that the site would eventually be abandoned Therefore no 

r e m d  actxons would be lntturted to reduce the nsk from groundwater contammts by actwely 
treatmg the groundwater or subsurface sods The altematwe assumes that operaQon of the 
treatment portaon of the exfsttlg french dram system would be Qsmntmued For cosbng 

purposes it is assumed that the h n c h  d m n  would be decomrmssioned under thu altematwe 
This would he accomplrshed by umg a backhoe to excavate and remove secttons of the dram 

Gmundwater momtonng actlvltres would amtmue to momtor contammmt concentxmons over 
tune For the purposes of tha daaplled analysts a 30-ym.r etuhonal control pmod 1s assumed 
for groundwater moxutonng 

The evalmon of the two threshold and five balancmg cn@m for Altematwe 0 No Amon are 

summanzed as follows 

The no amon altcmahve would be-ve of human health based on exposure to OU 1 COCs 

at the Woman Creek locahon ConcentxWons of contanmants m gmundwater would gradually 
be reduced over tune due to physical, biologml and chermcal pnxxsses such as dupemion 

volathahon and biodqmhtm 

Key ARARs would be met under tbu altematwt In parbculat, the MCLs would contmue to 
be acheved for groundwater COCs at Woman Creek Thu dternatwe would provide long term 

effectveness m achtcvlng the MCLs through natural pnxxsses whrch arc essentdly vreversible 

A nsk level of 1 99xlob would be achlcvcd at Woman Creek under ths alternaUve TherefoR 
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the magnttude of resdual rrsk that would result from the ImplemenWon of the No Acuon 
altemabve falls well wihn the nsk range of 104 to 106 Add~honally nsk from 

surface sod c o n m a  would r e m  w i h n  the acceptable nsk range of 104 to lod 

There would be no mcrw~se m potentd nsks to the pubhc to on site workers or to the 
envmnment under the No Amon altername 

W-or- 

The results of groundwater modchug and momtonng mchcate that groundwater at Woman Creek 

c u m t l y  meets MCLs Modeltag ml€s projected to 400 years from 1969 also date that 

there wdl be no ex- of MCLs w i t h  the 4oo-yearpenod Groundwater moddmg msults 

demonstrate that the hghest -on of PCB dunng the 4oO-year mod IS 3 6O~lo'~ mg/4 

for ttuS altcrnat~ve Assumptms of the model am dtscussed m Appendm B and have mcluded 
factors for natural dcgmdatum but not v o w o n  of orgamcs 

Altcmatwe 0 wdl comply ovlth RCRA mgulat~ons 6 CCR 1007 3 Pam 264 and 265 d the 
CDPHE designates OU 1 a CAMU M 8ccoTd811ce with 6 CCR 1007 3,264 552(c) Under the 

No Aaon altemt~ve, the catmmmts would rcmiun M place subject to natural d e w o n ,  
v o l a m o n  and dtsptrslon Groundwater momtomg would be conductcd to detect -on 
and movement of hazardous consbhrents as speatled rn 6 CCR 1007 3 264 552(d)(3) The 

substantwe xeqwemts for dqosal faahtxes under Parts 264 and 265 would be met thmugh 

complmce with the CAMU mle 

The No Actton dternat~ve would comply with the state sold waste duposal site and fachty 

reguhons smce them m no cxcecd;BI~cts of the MCLs at Woman C m k  However smce soltd 
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waste areas can be mcluded m the CAMU it is blieved tins requmment is no longer 
appmprlate as an ARAR 

The au polluuon regulabons m not an ARAR for ths altemabve smce the= am no major earth 

movrng actwiues or au ermssions assocnted with thts altername 

Alkrnatwe 0 IS ant~cipated to comply with the laws and regulabons specific to wetlands and 

species whrch use the wetlands Them IS a population of preble s meadow-jumpmg mouse at 
the RFETS whch IS a non game gpecies of specnl concern under state wddhfe poltcy Once 
the french draur is  deammssioned it IS possible that wetlaud/npanan habitat areas would 
rncrease m sm m the long term after a short term dmrbance mor to dutudxu~ce the State 

Bvision of WdWe would be consulted on mt~gatm measures to lessen mpacts to thu spemes 
as well as others 

The No M o n  altematwe would mvolve only groundwater mmtonng l h s  altematxve would 

not provide any add~honal pmtcchon for thc cnv-t and potentaal downgmhcnt receptors 

because operat~on of the f m c h  dram whch cumtly appears to be effectrve m capturing 

gruundwater mgmtmg away firom OU 1 would be dmmtmued under thu idternatwe 

Residual c o n m o m  of COCs may he actmg as a conbnumg source at IHSS 119 1 The No 
Achon altemat~~~ does not addms tmtment for mwhals m e~@% the groundwater or the sod 

The exutmg k h  draur system would not be operational, poaenbauy allowrng contammated 

groundwater to mgrate from OU 1 and to mppct groundwater and sods outside of OU 1 

However modelmg mdxatcs that under thts altemat~ve MCLs for giMlndwater COCs are 

currently achwed and would cmtmue to be met at Woman C& A five year rcvltw would 

be conducted to deterrmne the contmued e€fectweness of thrs alternatwe 
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Th~s altemahve would not satu0 the NCP preference for treatment as a pmcqal element of the 
altemahve because it does not duectly result rn treatment of contammated groundwater The 
No Acbon altemahve would not treat groundwater or sods and therefore would not reduce the 
tomcity moblllty or volume of contammts although natural processes would result m a 

reduction of contamumt ~ncentmt~ons over tune 

Because no m m W  actton would be mtuwl no s@icaut add~t~onal short tern nsks to the 
local commumty or enmumcut would be cmted as a result of the No -on ahematme at 
ou 1 

There would be no add~tional potenttal mpacts to workers as a result of t h ~ ~  altematwe 
Bxlstmg safety mt8suIIcs used for permanent worken and VISI&IS would ofir effectwe and 
n h b b  prosectton from the COCs atssoc- with OZt 1 Adkencc to appropriate health and 
safety measures would be requtred for as long as momtoring actlvlcres are contmued at OU 1 

The No Actlon alternatve IS m d d y  Implementable because it lacludes only the conmuahon of 
groundwater momtonng actlvrtles with mstallabon of possrbly four add~tmnal w e b  The 

unplementab&ty of thts alternatve would not be hmtexi by the avdab&ty of sc~lces and 
matenals nor would there be any mgdicant techcal or admmstnave ch€ficulties associated 

with thls altelnatlve 

Captal costs assocfated with Altematwe 0 mclude decommrssiomg the fnnch dram Post 
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closure actwitm for Altematwe 0 mclude groundwater momtonng for 30 years and mstallauon 
of four add~t~onal wells The cap&il cost for thts altemtwe 1s $154 700 The annual O&M 

cost for tins altematlve is $0 the cost for post-closure IS $1 740 400 The total cost for ths 

altematne is $1 895 100 A Wed cost estmate for this altematwe is mcluded rn Appendm 
E 

4 2 2 m v e  1. Cowls W I ~  the F w h  a 

Tius alternative would rely on mtut~onal controls to fcstnct access to any wells impacted by 

OU 1 contamaunts and p e n t  Mdmg COIlStNCttOIl above the areas h o w n  to be contammated 

with VOCs As with the No -on altcmatwe thu altemaQve assumes that acceptable 
groundwater amtammat would be acheved through natural degradabon 
volatllrc/ntton, and dupcmm of the COCs and that the slte would not be abandoned dumg the 
mstltutlonal contml period No lrcmcdfal actrons would be ltlltrated to reduce the nsk from 
groundwater cmtmmr& by acslvely tnabag the gmundwater or subsurface sods The 

dtematIve assumes that opcratm of the treatment portion of the exutmg french dram system 

would be dwontmued 

Tlus altername presents the posentlal for the RFElTs to be converted to a future ecolog~cal 
resewe The m t ~ t u t I d  controls comdered here represent srtewide control of all areas of the 

Groundwater momtonag, supplemented by mstallabon of add~tlonal wells would be 
continued to deterrmne d any changes uccur m con.tamtnant m o n s  or m contammint 
m-on patterns Groundwater mmtomg would contmc for as long as mstltutlonal controls 

are amve at the SI&, or until tt 1s cktcmed that m o m m g  IS no longer x e q u d  For the 

purposes of thxs detadcd analyw a 30-yeat mst~tut~onal control penod IS assumed for 
groundwater rnomtomg 

The evaluataon of the two threshold and five balancing cntena for Altematwe 1 Inst~tut~onal 
Controls Without the F m c h  Dnun m summanzed as follows 
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erall Fro- the En- 

This altemauve would be protectwe of human health assumrng that the rnsbtuuonal controls are 

properly unplemented and that the site would not be abandoned dunng the mstmuonal control 

penod The french d m  would not be used to capture contammated groundwater but 
concentrauons of contammnts m downwent groundwater would gradually be reduced over 

tune due to physical and chcmxad processes, such as dlspersron volathahon and 

biodegradaaon 

There would be no attonal  human health m k  assocmted with h altemve because the 

entve ate would be catmlled ehmmatmg access to OU 1 and thereforr: the potentd 
for human exposum There would also be no mcrease m p0tent.d nsks to the publlc or to on 
site workers under ths dtcmatave 

Key ARARs would be me4 under t b  dtmatxve In pamcular the MCLS would contmue to 

be acheved for groundwater COCs at Woman C m k  Thts alterrutwe would provide long term 

eff-veness m achvmg the M a ,  through mtud processes whch are essenmlly 

lzreversible 

The results of groundwater modclmg and groundwater momtonng mdmtc that groundwater at 

Woman Creek currently meets MCLs M&hg pmjectad 400 yeats from 1969 also mhcates 

that there wdl bc no exceedance of MCLs withm the W y e a r  pcnod Groundwater modehg 

results ciern0nstmt.c tbat the hghw conccntm~on of PCB &nag the 4OO-yearpenod 1s 3 60x103 

mglf for ths d-ve A%Pumptsons of the model are dscused m Appendn B and have 
mcluded factors for natural degradatron but not volahJlzatlon of orgamcs 

I 
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The mam Mereme between the No Actlon altemabve and Altematwe 1 is the extent of 

mst~tut~onal controls at the RFBTS Thls drffemnce would not create a drfference m the 
altername s comphce with the key ARARs Altcmatwe 1 wdl meet substantwe requmments 
of the State RCRA program rf CDPHE staff designates the OU 1 area as a CAMU under the 
recently adopted Subpart S promuons (6 CCR 1007 3 Part 264 Smon  552) Thts altematwe 
rncludes a 30-year groundwater momtomg program which compltes with 6 CCR 1007 3 
264 552(d)(3) Contammaas would he left w place subject to natural degradataon voklmuon 
and duipcmn 

Soltd waste can be mcludcd m the CAMU and thus it IS assumed that substantwe portrons of the 
State's solrd waste regulaslons would not be appmpnatc to the CAMU and thus not an ARAR 

The au pollutm rcgulimons arc not an ARAR for thrs altcrnat~ve srnct them would not be any 

au emusion sources or map CIttth m m g  ~ ~ ~ I V I ~ E S  

Locabon spectfic ARARs usoaatd with tius alternative are focused on the promon  of 

wetlands D e c o m r m s s i ~ g o f t h e f r t n c h ~ c o u M c a u s e ~ t o a s m a l l p o ~ o n o f  

wetlands for 2 to 3 days M~t~gatxm measurn would be used to mllltmllt the mpact and to 

comply with DOE reguhtms on wctland prowon  as well as the States NonGame 
Endangered or Tbreatcntd Species Consemon Act C o o m o n  with State Dwsion of 

Wddhfe would be done to protect the populaUon of Prcble's mcadow jumpmg mouse a state 

species of spccdconcenr 

This altcmat~ve would mmmm the human health nsk 8ssoclatcd with con- groundwater 
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by restnctxng access to any wells unpctcd by OU 1 contamuiants and by ehmatmg the 
possiblltty of buddmg construmon above anxu known to be contammated with VOCs ' I k s  

alternahve would not provide any a&tlonal proteaon for the envmnment and potentml 
downgradent receptors because operabon of the french d m n  wbrch currently appears to be 
effechve rn captunng groundwater rmgratmg away from MSS 119 1 would be &scontmued 
under thrs altermbve 

This altematwe does not address treatment for residuals m either the groundwater or subsurface 
sods The exutmg fnnch dnun system would not be qcmUonal potentnlly aUowmg 
con- groundwater to rmgrate firnn OU 1, and to mpact groundwater and sods outside 
of OU 1 However modefing results mhcatc that under thts alternatrve groundwater would 
contmue to meet M U S  at Woman Creelr A five year m e w  would be conducted to determme 
the contmued eff&tmness of thrs alternatrve 

Tlvs alternatrve would not sa&sQ the NCP preference for treatment as a pmapd element of the 
alternatwe Because it does not propose tmtment for umtammtcd groundwater or subsurface 
sods thu altemabve would not reduce the tomcity, mobihty, or volume of contammints 

although ~ t u d  pmccsscs would mmlt m a reduaon of catarmant CoIlCtzLtratlons over m e  

Because no remcdml actton would be m W  no aaaonal shortterm nsks to the local 

commumty or en-ent would be cI#ltcd by UnplCmenMg ths al temve 

There would be no a t m a l  potentd unpacts to workers as a result of h s  altematwe 
Exlstlng safety measuns used for permanent workers and wtors would offer effectwe and 

rehable promon from the COCs assocmtcd with OU 1 Adherace to appropriate health and 
safety measures would be r e q d  for as long as momtormg acttatm arc contmued at OU 1 
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Th~s altemattve is readdy unplementable because it rncludes only rnst~tuttonal controls and 

groundwater momtonng The mplementabhty of thrs alternatwe would not be b t e d  by the 

avadab&ty of semices and matenals nor would there be any si@icant techmcal Miculttes 
assocmted with thls altemat~ve Inst~tuttonal controls proposed under thls alternatwe such as 

deed restnmons could be unplemented with no sigmficant admmstxi&ve problems 

Capital costs assocnted with Altcmatwe 1 mclude decomrmsaomg the french dram Post 

closure act~vit~es for Altcrnat~ve 1 urclude groundwater mmtonng for 30 years and mstallauon 
of four add~t~onal wells "he capital cost for thu alternattve 1s $154 700 The annual O&M 

cost for this altcmabve 1s So, and the cost for post-closm IS $1,740 400 The total cost for a s  

altematwe IS $1,895,100 A W e d  cost estrmate for tlus al-ve IS mcluded rn Appenb 
E 

4 2 3  B v e 2 .  - l s W i t h m  

"Ius altematwe IS smuh to Altematwe 1 except that opemon of the french dram and the 

Buildmg 891 water tmtmcnt system would be contmued The h c h  dram would conttnue to 

capturn contammtcd gmdwater rmgmtmg from the IHSS 1191 source area mute 
conmmons  of contammat& groundwater to the t8st of the operable uxut would not be amvely 
emedrated by thts altemabve As w a  Alte-ve 1 mst~tutaonal controls would be uthzed 
to restrict access to any wells uapaded by OU 1 m-ts and prevent buddmg construmon 
above the areas lrnown to be contarmaated with COCs 

Th~s altematwe would also utllru: groundwater rnomtonng programs to deterrmne lf any changes 
occur m Contarmnant conccmtmtums or m ContarmLULtlt rmgratron patterns Groundwater 

momtonng would contmue for as long as mst~tuttonal controls arc actwe at the site or untd it 
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is detemed that momtonng 1s no longer requved For the purposes of detaded analysis a 30 
year mstm~onal control penod 1s assumed for groundwater momtomg The french dram would 

be decommssioned after momtonng confllllls that COC concentrahons have been reduced to 

acceptable levels 

The evaluahon of the two threshold and five balancing cnteria for Altematwe 2 InsbtuQonal 

Controls With the French Dram are summanzed as follows 

S u n k  to Altenmve 1 thts altcmatwe would be protectwe of human health assummg that the 
mWuhonal controls axe properly unplemented and that the ate would not be abandoned dunng 

the msUutxmal control pend In tlus altemhve the k n c h  dram would be used to capture and 

treat con- groundwater and prevent downgra&ent m i m o n  of COCs 

Key ARARs would be met under thts altarnattvc In pamcuhr the MCLs would contmue to 
be acheved for groundwater COCs at Woman Creek ' h s  alterm&ve would provide long term 
effectweness m achevmg the M U S  although the ciriun would have to be aperated untd all  

sources have been remexhtcd M MSS 119 1 

A nsk levels of 4 76x109 would be acWd at Woman Creek under thu altunatxve Thedore 
the magmade of rcsdual rwk that would mult fnun the unplementaton of thts altenatlve falls 

weU below the acceptable nsk range of 104 to 10-6 Addtbonally nsk h m  surface sod 
contammts would rcm81tl w t h  the acceptable nsk range of 104 to lob There would no 
mcrease LII poterrtral nsks to the pubhc or to on ate workers under thu altmahve because no 
addbond m o m  would be untnted Exutmg h d t b  and safety p&um would effmvely 

protect on site workcrs 
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The results of groundwater modehg and groundwater momtonng mdIcate that groundwater at 

Woman Creek currently meets MCLs Modehg results projected 300 years from 1969 also 

mdIcate that them wrll be no exceedance of MCLs withm the 300-year penod Groundwater 
m&hg results demonsbate that the hghest peak concenmon of PCE during the 3Wyear 
penod i s  8 62xlod mglC under ttus alternatwe Assummons of the model are d~scussed m 
Appenw B and have mcluded factors for natural d-on but not volathabon of orgmcs 

Altematwe 2 wdl meet the substantwe nquvements of the state RCRA pmgram specfic to past 
spdled waste, If CDPHB staff designates the OU 1 8tc8 as a CAMU under 6 CCR 1007 3 
264 552 

The substantwe rtquuemcnts lnciude 

aeaRnttors of hezardous waste 
Releases firom SOW waste management umts 
Closure of a drsposal fachty under lntenm status and final status 
Post-closum of a dqosal umt under final status 

Sohd waste 1s allowed to be included m the designabon of a CAMU If the CAMU is adopted 

it is beheved the state s sold waste regulauons would not be apprqmate to the cvcumstances 
and thus would no longer be 811 ARAR 

Contarmnants would be left m place at the MSS 119 1 area subject to collechon and treatment 

at the french drm There 1s a potentad for some co- to be left rn place outside the 

area of the capture zone and c o w o n  system 
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The State s atr polluQon control mgula~ons are not a ARAR for this alternauve smce there 
would not be a sou= of atr emxsslons 

Altematwe 2 wdl not mvolve &srupbon of the c u m t  scenano at the site for an estunated 30 

years Therefore mpacts to wetland and npanan habitat areas are not antmpated to occur 
w i t h  thu tune perlod The populations of preble s meadow jumpmg mouse a state species 
of sped concern would amtmue on thew cumt course untd that tune 

Decomrmssioruag of the fiwch dram would mvolve a short term dwuptm to some pomon of 
wetlands MtqaUon memums would be used to rrumuzcthe mpact and to comply with DOE 
regulabons on wdlaad p- as well as the Statc s Non Game Endangered or Threatened 

specres CmmOl l  Act 

Under thts dternatave the f m c h  dram would contmue to remove contammated 

groundwater migmtmg frrnn IHSS 119 1 Thn aitenmve would also mmmm the human 
health nsk asSOC110tCd witb amtammW gnwndwatcr by mtnctmg access to any wells lmpacted 

by OU 1 contammmts a d  by chmatmg the posmbhty of buddmg constm&on above areas 

known to be contammat& with VOCs The altematwe would provide long term p m m o n  for 
potentml human reapton assummg that the lnstrttutlod controls uuttated arc guaraatead to 
remaul 111 place 

Residual concatratms of COCs may be actmg as a contmumg soum at IHSS 119 1 'Rm 

al temve does not addmss treatment for residuals m either the groundwater or subsurface sods 
However modelmg mhcatcs that undcf thrs dtematwe groundwater would contmue to meet 
MCLs for the COCs at Woman Cnek Concentratons of c0ntammant.s 111 groundwater would 

gradually be reduced over tune due to physical and chcmcal processes such as dqcnion 
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v o l a k u o n  and biodegmdatmn A five-year miew would be conducted to determme the 
contrnued effectweness of th~s altematwe 

Contammated matenals generated as a result of thzs alternative rnclude spent ion exchange resms 
from the Buddmg 891 water treatment system These resms are currently regenerated on site 
There are no si@icant nsks assoctated with handhg these resms 

The conmud operat1011 of the frrench drain would mlucc the mob&ty aad volume of COCs 111 

groundwater at OU 1 however IWIW concentrat~~ns of COCs would mnam III subsurface 
sods and groundwater III MSS 119 1 

Extracttxl groundwater would be traoted m the Buddmg 891 water treatment system T h  is a 
destructwe bnatment pzucess and thus would nmlt m deed toxlctty Contammnt removal 
through groundwater cxtmctm would be mwemible, however, DNAPLs m IHSS 119 1 may 
contmue to act as a mxcc 

Thu altemitwe mludes the mplcmcntatum of mst~tu~onal contmls the conmued operatton of 
the fmch d m n  system, ami groundwater momtomg Because no ackbt~onal rem- amon 
would be mtmted, no add&oml short tmn nsks to the local commtwty or enmnment would 
be created by mplementmg tins alternative 

There would be no adcbt~onal potenblal unpacts to workers as a m l t  of thrs altemahve 
Ewstmg safety measures used for permanent workers and vmtors would offer eflmve and 
xehable pmtect~on from the COCs ass0cmt.d wrtb OU 1 Adhemwe to approprmte health and 
safety measurn would be rcqumd for as long as momtomg achv~tm are conmud at OU 1 
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Thts altemattve i s  readrly mplementable because it mcludes only mstmQonal controls the 
conmued opezabon of the fmch dram and Buddmg 891 water treatment system and the 
conmuatton of groundwater momtormg amvibes The unplementabhty of thls altemattve 
would not be luIuted by the avadabhty of services and matemils nor would there be any 
signtficaat tcchal c)lfficultxcs assocated with thu altcmabve There a ~ e  no techmcal problems 
ass0cmte.d with contmued operatum of the emtmg french dram system Groundwater 
momtomg would effcchvely track any & b o d  rmgratm of COCs 

InmtuUonaI controls proposed under this altematwe such as deed mtnchons could be 
unplemcnted with no sigdcmt admm&aUve problems 

Capital costs assocmted with AltcmaUve 2 mclude decomrmsslonurg of the b h  d m n  O W  

costs for Alternative 2 includes opcn&on of the Bwldrng 891 water treatment system and 

groundwater momtonng for 30 years cost for this altcmatwe 1s $149 600 The annual 
O&M cost for thu altcma&ve 1s $15,603 300, thc post-closure cost 1s $1 740 400 The total 

cost for thls alternatwe 1s $17 493,300 A dctadcd cost atmate for thu altername 1s mcluded 
IIlAppIldlXE 

4 2 4  m e 3 .  M o l b f i a d W i t h - W &  

Stmtlat to Abnatwe 2, t&s altcrmtwe would contmue to operate the e m g  h c h  dram 

system However approxtmately fowto ax a b o n a l  s u  mch dum- groundwater e x m o n  
wells would be addcd to the exntmg system to enhance its effectweness m captumg 

contammated groundwater rmgrabng fbm the IH$S 119 1 sou- and other axeas The 
ad&aonal wells could be lIIstaued m the Southeastern corm of the aperable umt to captum any 
contammated groundwater potentally flowrng around the €tench dram m the MSS 119 1 source 
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area to assist the emtmg recovery well m front of the french dram m a suspected low 
penneabhty sandstone lens whtch may potentdly form a conduit for groundwater triinsport 

beneath the dram or m the arr# south of Buddxng 881 to enhance the recovery of contammated 
groundwater m that area 

Based on the performance of the h c h  dram and emstmg extramon well the new extracbon 
wells are expected to m o v e  less than one gpm of groundwater combmed Each well would 
be equipped wlth a sump pump with lugh and low level switches that would pump 
mtexmttently This would ensme that the pumps would not be burned out by opexatmg m a 

dry well Groundwater I#xwcI#1 fmm the new extramon wells would be louted to the french 
d m n  system to be t r a a s f d  to the Buddug 891 water treatment system and treated with the 
W/peromdc/ion exchange plocess 

As with the mst~tutIonal controls a l t c m v s ,  th~s alurnatlve would also mntmue groundwater 
momtonng achv~t~es to &tamme d any changes occur m contammant ConcenWons or rn 
contarmnant m m o n  pgttrms Groundwater momtormg would Contmuc for as long as 

mst~tut~omtl controls am acttve at the SI& or untd it IS d t t t r m r n e d  that momtormg IS no longer 

requmd For the purposes of thts W e d  analysis a 30-year mst~tut~onal control penod is 
assumed for groundwater moIlltoMg The fmch dram would be decommmioned after 
momfOMg COIlfinns that COC conccntrat~om have been & u d  to acceptable levels 

The cvaluat~on of the two threshold and five balancmg cntena for Altcmat~ve 3 Modtfied 

French Dram With Add~tmal Extrachon Wells m summanzed as follows 

Thls altcmat~ve would be m v e  of human health and the mvmnmcnt assurmng that the site 
would not be abandoned dumg the mshtut~onal control In thts altem&ve, the french dram and 

several add~t~onal extract~on wells would be used to capture contarmnated groundwater and 

prewent downgmhcnt rmgrabnn of COCs Low level groundwater c o n m o n  east of the 
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fnmch dram would also be addressed ~fl th~s alternatm by urstalltng one or more of the new 
extracuon wells m thls atta 

Key ARARS would be met under thu atternatwe S p e c f i d y  MCLs would conmue to be 
acbevd for groundwater COCs at Woman Creek Thts dtematwe would provide long term 
effectmenem rn achlevmg the MCLs 

ask levels acbeved by thls a l t e m v e  would be the m e  as those achleved under Alternatwe 
2 however these levels would be acheved LLL a shorter tune because the add~tJonial groundwater 
extractroll wells would mrem the rate at wtuch contamatcd groundwater IS removed 

Themfore the magn~tudc of madual nsk that would result from the mplunentaaon of 
Alternative 3 f U  well M o w  the acceptabe nsk range of 104 to 1Od A d d ~ t ~ ~ n d I y ,  nsk from 
surface sod cantammints would ranam wrthrn the 8cccpt(Lblc twk range of 10' to lod 

There would be no mcrcasc m patcntral nsks to the public or to on site workers under thrs 
altcmatJve Exurbng health and safety procedures would dkctsvely protect on-sfi workers 

The results of gmundwatcr modelmg and groundwater momtomg d c a t e  that gmndwater at 

Woman Creek c u m t l y  meets MCLs Modelmg results pro~ected 300 years from 1969 also 

md~cate that the= wdl bc no exmedance of MCLs withtn the 3oeyear penod Groundwater 
modehg results demonstrate that the hghest concenmon of PCB dumg the 300-year penod 

is 4 76x1V9 mg/f for thts altcmat~ve Assmptrons of the model arc dtscussed m Append~x B 

and have mcluded factors for natural dcgradahon but not vohhzation of organrcs 
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Altername 3 compbnce with amon-speclfic RCRA program requmments is sunllar to that 

descnbed under Altematwe 2 RCRA requmments are relevant and appropmte and compbce 

of the alternatwe with the substantwe requlrements of Parts 262 Part 264 and Part 265 depends 

m part on lmplementaton of Subpart S requmments OU 1 designated as a CAMU would allow 
some contammanu to be I& m place after closum at the 119 1 and 119 2 MSS loamons 
Compbce with mleascs from sohd waste mmgememt umts Subpart F closure of a @sal 

umt Subpart G aad post- closure of a dqmsal umt Subpart H can be acheved with the 
altematwe 

Sohd waste can be designated as part of the CAMU and therefore comphm with the State 

sohd waste n@at~ons would not be apprapnate The MCLs are met at Woman Creek 

according to grouadwater modelurg d t s  

The addrttonal extramon wells would be constructed m accorclance wth the substantwe parts 
of the Colorado Water Well and Pump Installaton Reguiat~ons (2 CCR 402 2) Therefore 
c0mphnc-e with thts ARAR IS anticipated for Altematwe 3 

AltenWve 3 IS ant~cxjmted to comply with the locatron specific ARARs Laws and reguhons 
specfic to wetlands and species whlch use wetlands wdl be comphed with If Altematwe 3 is 

mplemented at OU-1 when the french dram is decommmioncd it IS possible that the 

wetlandnpanan habm amas would lacrease m sue M the long term, after short term 

d~sturbance of the wetland mas Pnor to dlstuhance, the State I)lvlsion of Wddhfe would be 
consulted on rmhgatron rneasuxes, to lessen lmpacts to species of concern such as preble s 
meadow jumpmg mouse 
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Under thu alternatwe the exlstrng french dram would conturue to remove contammated 
groundwater migratmg from MSS 119 1 Therefore the residual nsk would gradually be 
reduced over tune 

' h s  altername would also mtrumrze the human health nsk assocfated with mntamnted 

groundwater by restmbng access to any wells impacted by OU 1 contarmnants and by 

ehmatmg the possibdsty of buddmg constmaon above amas known to be contammated with 

VOCs The altcmatwe would p m d e  long term promaon for potentml human feceptors 

assurmng that the mstltutumal controls lnltlated am guarantad to maul ln place 

Ths alternattve would also be effectwe m protectmg the mmnmmt over the long term by 
addresung groundwater d low levels of contammints that IS pountlally flowmg around the 

east end of the fraach dram system and could othemlse p o t a t d l y  mpact on groundwater and 

sods outside of OU-1 However, m a g  md~catw that under this altematwe groundwater 
would contmue to meet MCL for PCE at Woman CreeSr Concentratons of colltarm~ltl~~ts m 
groundwater would gradually be reduced over tune due to physlcal and chemrcal processes such 
as cllspersion volatdmt~on atad bi-on A five year m w  would be conducted to 

detennlne the cffcctwm of thrs al-ve 

Contammated matenah gentrated as a msult of Uus altematwe lnclude spent ion exchange rems 
from the Buddmg 891 water tmtment system These am currently regenerated on site 
There are no si@cant risks Bssocfattd with handhug thesc resm 

Thts albmatwe would reduca thc mobhty and volume of contammnts m OU 1 through 

contmued opemon of the fnach dram and the add~t~on of several gmundwater -on wells 
The french d m n  &b%vely reduces the mgraQon of contammted groundwater from OU 1 
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Groundwater extm%on would reduce the volume of COCs m groundwater however residual 
concentmuons of COCs would zcmam rn subsurface sods and groundwater m IHSS 119 1 The 
french dram aud ex-on wells would also contmue to prevent mgrabon of COCs beyond OU 

1 thus reducrng the mobfity of these contammints 

Extracted groundwater would be treated 111 the Buddmg 891 water matment system a s  is a 
destructwe treatment process and thus would result 111 deed torncity Contarmnant removal 
through groundwater extrachon would be mvemble, however, DNAPLs may mntmue to act 
as a source 

Because thc only addrtlonal mndal Won by thrs abrnatwe would be the extracUon 
well -on, a proccdum that can be 8ccomphhcd ur a relatwely short pemod of tune the 
adhbonal short tcrm risks to the local commulllty or mvmmmcnt would be mumuzed 

The only potent& mpacts to workers mphentmg h s  alternatve would be those associated 

with the mstalhon of the new extrpdton wells potentxal mpacts would be mmumzed 

through exlstmg worker safaay pmcdums governtng cmnstructxon actmtms at RPBTS Eustmg 
safety measures for the frwsch dnun opmmon and monitonug mwtm would offer effectwe 
p m o n  for workers and -tors at OU 1 Adhemwe to approprutc health and safety 

measures would be requmd for as long as moxutomg actlvitres arc contmued at OU 1 

Implementmg ths alternatrvc would have huted unpacts on the CmnrOILmcnt or the pubhc at 
OU 1 In- addmod extnrctton wells would have mmor impacts on srte sods and flora 

Thts altemve 1s also readdy unphcntable It mcludes the contm-on of groundwater 
momtonng actmbes the contmued opcmon of the french dnun, and lnstauatton of seversil 

OU 1 CMSlFS Report 
881 Hdlmde k o a  
August 1994 

DRAF" FLNAJL 

4-32 



adhhonal groundwater extxamon wells The unplementab&ty of h s  altematwe would not be 
lunited by the avarlgbhty of services and matenals nor would there be any si@icant techtllcal 

or adrrrrmstratwe ddficultm assocmted with thls altematwe Contmuauon of groundwater 
momtonng actwitm would eff'vely track any addWmal COC mgratlon Also unplementmg 
ths altemative would not h u t  the abrllty to perfom future remedd actions If they are 

detemmed to be necessary 

&-on wells can be lnstaued with M e  Miculty usmg standard dnllrng techmques and 
standard construction matcruds that are commonly used for well construcbon and are M y  
avatlable operatrns the add~t~onal cxtxachon wells would not mqm any add~t~onal spec- 

personnel or tmmg The Wdmg 891 water treatment system has sufficient capacity to treat 

the quantmes of water cxtnrct#l by the add~t~onal wells 

No -ve are ant~cqated under h s  altemat~ve Coordmtmg actwibes with 

agencies and obtammg the appropriate pernuts IS not expected to pnsent any problems 

Capital costs for ttus ahematwe lnclude ttae costs for four new groundwater extracton wells (SIX 

mch dmneter 20-foot depth) and assocmtcd pqmg pumps and mstrumentaQon The capital 
cost for Alterrutwe 3 IS S305 OO0 O&M and post-closuIe act~vit~es for Atematwe 3 rnclude 
the --on of the a d d ~ W  cxtractron wells and the Buddmg 891 water tt.catment system and 
gmundwater moLlttoMg The pmmt worth value for O&M for Altexnatwe 3 1s $15 603 300 

the post-closure cost IS $1,740 400 The total cost of thrs altemve IS theRfore $17 648,700 

A detarled cost esbmatc for capital and O&M costs for this alte-ve IS mcluded m A p p c n b  
E 

4 2 5  A]ternatlve4. -oandV- 

Thls altemauve would remove con- groundwater by pumpmg it to the surfbe and 
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treatmg it xn the Buddmg 891 water treatment system It would also remedlslte residual souEes 
of contamuwon m the subsurface sods by SVE The altemahve targets all  contamrnants 
dmolved m the groundwater as well as sources of residual orgatllc contammaQon such as 
DNAPU A detaded sod gas survey consistmg of approxmately 100 sod gas probes would 
be conducted to detemune more precise locabons of residual contarmnants The survey would 
take approxunately SIX months The results of this survey would be used to determme areas 

requmg treatment For the purposes of M e d  analysis however only the previously 
idenMed source ama withtn IHSS 119 1 wlll be considered 

The tmatment zone would first be dewatemi by pumpmg from the exlstmg groundwater 
e x m o n  well and two add~uonal extracbon wells These pumps would be operated 

mtemttently to kecp the source area dewatend All groundwater collected would be piped to 
the french dram sump for transfer to the B u m g  891 water system html dewatemg 
is expectad to tab 60 to 80 days, with m m t t e n t  operatton conbnumg aftelwards to keep the 
treatment zone dewatered thlroughout the entm medud mon Approxunately 80 OOO gallons 
of groundwater 1s expected to be recoved, assummg that thts altcrnabve is mplemented dumg 
a low water table elentam perrod 

Once dewatered SVE would bt appW at the source a m  to volathe and remove any residual 
sources of organtc mntammatmn Appmmately 15 vapor extractton wells would be dtrllad 
m the source ana and CoMtctOd to a vacuum pump thus mducmg a vapor flow M the 
subsurface towmi the extractron wells The mcTc8scd vapor flow would v0lad.m aqums 
adsorbed and €iec phase COIltBmlaSUlltS and remove vapor phase contatmmts with the evacuated 
ax A plan view of the SVB system layout 1s illustrated m Figure 4-1 

The sue and number of vapor extractton wells pump sfzts flow rates and vacuum 
requmments were dctemmd based on the mults of the ongorng SVE m h t y  study at OU 2 
m conjuncttoll with the modcl HyperVentdate h m  mults from the OU 2 study mhcate 

a 45 foot md~us of influence was achcved m the sdty sand matrix of OU 2 sods Tbts n&us 
of influence was estrmated by extmpohtmg obsewauons of a sut mch S O  vacuum 20 feet from 
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the extrachon well The ex-on well movers two standard cubic feet per m u t e  for each 
foot of well screenmg usmg a vacuum pump whch produces 140 mches H20 of vacuum at its 

mlet The permeabihhes observed at OU 2 have mged from 0 1 darcres to 1 darcy whch are 

an order of magmtude above those observed at OU 1 htd contammints concentrahons at 
OU 2 wefe slmrlar to those m the OU 1 source arca however physical features of the OU 2 

site mcludmg an excavated &tch near the tmttabihty study zone have an undetemmed 
mfluence on system parameters For tlus reason esbmates for parameters at OU 1 were made 
usmg techcal htcraturr: to supplement the results from OU 2 Based on these two sources it 

1s assumed that four lnch duuneter extmctmn wells operated at 10 scfm and 120 mches H20 of 
vacuum would have a radtus of mfluence of approxmately 10 feet at OU 1 

Off gas from the SVR system would be treated with either GAC or catalyt~c ondahon pnor to 

dwhaqe For co- purposes, GAC usage was m a t e d  based on expected COC 
concenmhons m extractGd sod gas Based on sod sample data from the Phase IXX RpI/RI 

Henry s Law was used to cstmate tbe pmtxtxmmg of COCs M the sod vapor CalculaQons 

suggest that the equ&bmm ColKxlltrattOIs of each VOC would be on the order of 1 mglP 
However, because the qwmtitm of COCs at OU 1 axe assumed to be smatl equhbnum 
concenmons axe not ltlaly to be mhod rn extracted sod vapor Therefore concentxahons 

one order of magrutudt below the Henry s Law calculated eqwhbnum values were used to 

detennme the usage rate for GAC 111 the off gas matmuat system These concentratons are 

consided to be conmatwe estunates of sod vapor COC concentratmu Based on these 
assumphons the SVE off gas tmtment system would mqum approxmately 3,000 pounds of 
fresh GAC every three months 

Because of the low adsorpton e f f i c w  of 1 1 DCE on GAC the proposed SVE system would 
requrre two slad-mounted GAC vessels rn senes each contaumg 1 500 pounds of act~vated 

carbon The acbwrtcd cabn rn the vessels would be replaced approxunately every three 

months the spent carbon could be treated at an off  ~ t e  regenenttm fxhty 

off gas from the vacuum pump would be momtoxed to detennme the effectlvcness of the SVE 

OU 1 CMS/FS Report 
881 m i d 8  Area 
August 1994 

DRAFTFINAL 

4 36 

L cx 



system Intermittent opemon could be employed to m c m  the recovery of residual sources 
and decrease operatsng costs 

The remednhon tune frame for ths altematwe would be two years mcludmg SIX months for 
sod gas surveymg four years for sod vapor extractton and dewatemg opemUons and SIX 
months for mobdmboddemobdmbon The french dram would be decommmioned upon 
complebon of r e m a  actlvltles 

The evaluahon of the two thnshold and five balancmg cntena for Al&raatlve 4 Groundwater 
Pumpmg and Sod Vapor Extrachon IS summanzed as follows 

This alte-ve would be p-ve of human health and the enmnment by removrng the 
contarmnants from both groundwater and subsurface sods Hxposurc potenml would be reduced 
by reducmg the contmmant amccntnit~ons awl mmovmg the sourrx The fnench drara would 
contmue to captun contamtnatcd grouadwator and pment downgmdmt rmgratton of COCs 

untd mmedmbon act~ntm iue complctcd 

Thls altematwe would be protective of the envmnmmt both downgmhent of and withtn OU 1 
because m a b o n  to udlrpng the mshng hnch drarn to rntcurcept contarmaated groundwater 
migzatmg away from OU-1 the sourot at MSS 119 1 would be mated usmg SVE 

Key ARARs would be met un&r thts alternat~ve In part~cular M a  would contmue to be 

acheved for groundwater COCs at Woman Creek providmg longterm effeclhveness In 
addrtton thts altcsnat~vc would pmvdc a large degree of pennaaence because the source m at 
IHSS 119 1 would be treated However, there is also some degree of uncertamty as to the level 
of cleanup that cwld be achevtd for DNAPLs with SVE 

Because thrs atternattve would mm&tc the source at IHSS 119 1 a nsk level of 3 22x10’ 
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would be acheved at Woman Cretk Theefore the ma&zutude of residual nsk that would result 

from the unplementabon of thrs alte-ve falls well below the acceptable nsk range of 104 to 

10-6 Additronally nsk from surface sod contamlllilllts would remarn w i h  the acceptable nsk 

range of 104 to lob 

T b  alternatwe would be mmpleted rn five years Dumg unplementauon there would be no 
unacceptable short term ~ISIKS to the publlc There may be p0tent.d nsks to on site workers 
from exposure to COCs m groyndwater or sod vapor and safety hazards assocntcd with clrdlmg 

and constmmon acttvlhos However nsks wwld be mmxnued through standard health and 

safety P-= 

The results of grouhdwatM modclurg and groundwater mmtomg m&cate that groundwater at 
Woman Creek cu&y meets MCts Modehg pr~jacted &ate that there wdl be no 
exceedance of M U S  at Woman Creek though mplemcn~on of thu altcxn8t1ve Groundwater 
modclmg d t s  demonstrate that the hgbest cuncenmon of FCE IS 5 94x104 for thrs 

altematwe The peak umccmahon occurs over a short duration and IS below the MCL 

Assumphons of the model arc CJlsCussed m Appendix B and have rncludcd factors for natural 

degradabon but not v o w o n  of organtcs 

Complmcx wtb the RCRAprogiam, mvolvmg releases of hazardous canstments from SWMUs 

under Subpart F 1s a relevant and appmpmtc requmment Smce mn-on IS focused mostly 
on the sou= of amtammatam the CAMU IS a relevant and appropriate rcqumment for OU 1 
Residual c o n m o n  may be I& m places m areas of the umt however the overall quanbty 

of conmtuents wdl be low Comphce with the closure requvements as a cllsposal umt can be 
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acheved with Atematwe 4 under the CAMU approach 

Usmg a soil vapor extramon treatment system wdl mate a tempomy RCRA unrt as the system 

treats hazardous waste consbtuents "herefore the temporary umt requmments of Subpart S (6 
CCR 1007 3 Subsecbon 264 553) are apphcable to t h s  treatment umt In ad&Uon any pre 

filters HEPA fiters and actwated carboa used to remove voWe oxpmcs m the off gas 

treatment requve comphucc with the followmg RCRA pmvuions 

identdkatm of hazardous waste (part 261) 
au emwion staadards for process vents (Subwons 264 1032 and 264 1033) 
an cllllssion stpndards for appment leaks (Submons 264 1056 and 1057) 
land c.fisposal lpltstnctlofls (Part 268) 

It is anucipated tbat the appbcable requmments of RCRA can be comphed with m opemtmg and 

decomrmssiomg the SVE treatment umt and residuals 

The Colorado sobd waste regukons an not appmpmte to the CAMU umt cmtd but are an 
ARAR for &sposal of any rcadual matcnals that are not hazardous waste If sohd waste 
-sal is necessary wrth the alternatve, it WIN be m accordance with 6 CCR 1007 2 and the 
sohd waste &sposal regdataom 

Instatlabon of adcbbonal cxtmctm wells would be m 8ccord8Mx with the Colorado Water Well 
and Pump Instalhon ReguWcms (2 CCR 402 2) Complrance mth tlus -on-specrfic ARAR 
would be acWed 

The State s ax polluuon amtml R e w o n  7, for the control of VOC emmions 1s an ARAR 
and wdl be achuwcd wrth ths alterzmve It 1s antmpated the level of ermssions wlll be below 

the two todyr (two l b m )  threshold for use of ~twonably avahble cuntrol technology (RACT) 

OU 1 CMS/FS Report 
881 €idhi& Arcu 
Augus! 1994 

DRAFT FLNAL 



Laws and regulahons spec& to wetlands and species whcb &bit wetlands wdl be compbed 

with Ifth~s altematwe IS unplemented The= would be a short tern mpact to wetlands from 
decommssiomg the french dram but the long tern mpact may be an mcrease m wetland 
ateas The State Dwlsion of WddMe would be consulted pnor to &stuxbance of wetland habitat 

and to unplement adequate nubgatton measutes to prosect species of spec& concern 

Under b s  altematme the sowcc a m  at MSS 119 1 would be meduted and the exlstmg french 
driun extradton well, and Bum 891 water treatment system would contmue to extract and 

treat con- groundwater mgmtmg from IHSS 119 1 Tbefom the rcsidual nsk would 

be reduced as compami to the no -on and mmtut~onal controls alternabves 

Them IS some unmrbmty that SVE wdl effectively ramahate the =dual COCs at IHSS 119 1 

due to the low perm&&ty of the sods and the geneml lack of documented experience rn 
ef fave  DNAPL treatment at any site If residual COCs are not e€k&vely removed dunng 

r e m d  actwitxs, they may ambnue to act as a sou= of groundwater contaumuon 

Followmg tmtmcnt of the source, contammated groundwater w i t h  OU 1 would contmue to 

mgrate away from IHSS 119 1 Modehg m&catcs that under thu al temve groundwater 

would conbnue to meet MCLS for the COCs at W o m  Creek A five year m e w  would be 
conducted, however to dderrmne the effectweness of tbts altematave 

Thu altematwe would prrovldc long-term protactlon for potentral human recepQors and m m m m  
the human Wth nsk asmaatd with contammated groundwater by mtmumg to acheve MCLs 

However although the MCllir wdl COIlhnut to be achcvcd with this alternative by xemedmtmg 

the sods and groundwater, thts dtemtwe may not be complestly effectwe at removmg 
DNAPLs lfthey are pmmt at OU 1 
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Thls altemahve satrsfies the NCP preference for treatment as a principal element of the 
alternative B s  altemahve would effmvely reduce the mobxbty and volume of contammts 
m OU 1 by removmg any secondary source of contamxnants from the subsurface Groundwater 
extrachon would reduce the volume of COCs m groundwater, and sod vapor extramon would 
remove COCs from the umtmtexi zone Removmg the mndary sources of contammints 
m conjun&on with the umtmued opcratm of the franch dram and extramon well wdl also 

reduce thew mobhty by pmentmg potent& addttJonal nugmtmn 

Extracted gmundwater would be tmtd m the B u W g  891 water tmtment system "bs is a 
destnrmve treatment process and thus would m l t  m decreased tomcity GAC from the SVE 
off gas treatment system would be mgcnemtcd off site rcsultmg m addttlonal reduaon m TMV 

Contammated materials gommtcd as a result of ths altematwe lnclude GAC fnnn the off gas 
treatment system and spcnt m exchange mms from the Bulldmg 891 water tnatment system 
GAC could be shrpped off slte to be regenerated, and ion exchange rems would be regenerated 
on site There am no slgmfikant nsks assocmed wlth h d h g  and hppmg ather the spent 
actwated carbon or ion exchange remu 

Potentd short term mpacts on the emronment Bssoc18tcd with tlw altcmatwe mclude a nunor 
amount of &sturbance to the sod and duplacement or loss of vege4atmn dunng construction 

actw1t.w such as bddmg and dnllmg -bod short term nsks to the pubhc are m m a l  
for thu altematwe 

Potentral nsks to workers dunng mecWon actlvitics lncludt potcntd exposum to COCs m 
extracted groundwater or sod vapor There are also safety hazards assocated with d n h g  and 
other conmmon actwitw Rsks to workers would be mmmmd thnwgh standard 
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constructlon and process equtpment operatron safety pmct~ces 

This altematwe would be readily mplementable Sod vapor extxactxon IS a commonly used 

technology that does not q u m  any umque or unusual equipment The rmplementabdq of ttus 
altematwe would not be ltrmted by the avadabhty of SCMCCS and matenals nor would the= 

be any sigmficant techd or admmstmtwe Micultses with thts altematlve 

Implementmg ths a l t c m v e  would not h t  the ab- to perform future rem- acuons, If 
any m determrned to be ncmaary Gmndwater momtormg programs conmued under th~s 
a l t e m v e  would cuntmue to track any movement of COCs 

Vapor extrachon wells can be installed usmg standard dnllulg techqua and standard 

constxuchon matenab that arc M y  wadable Opcmon of the SVE system would not requue 

hghly specdmd pcrrwwwl or traJlllng Spent GAC from tb off-gas matmat system could 
be sent off site for mgamamn Spent ion exchange rean from the Bu-g 891 water 
treatment system would be sent off ate for appropriate duposal Adrrrrmstrattve rcqurtements 
for t h ~ ~  altematwe would mclude obtatlllng an iut trrtlsslolls pexmtt for the SVE off gas 

Costs for thrs altcmatwe laclude the costs for the followmg items 

sod gas SUNCY (Wro-Y 100 P-) 
two groundwater cxtm%on wells (SIX lnch d.lamder 20-foot depth) 
15 vapor extrachon wells (four lnch dnmctcr 2o-foot depth) 
two vapor extractunr systems with blowers filters and other m c e s  
act~vated carbon -on system (two vcsstls contammg 1 500 pounds each) 
assocmted ppng, pumps and mstrumentatton 
W/pcmx&/ion exchange water treatment system operabon 
groundwater mmtorxng for 30 years 
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The capital cost for Altemve 4 IS $929,300 O&M and post closure activihes for Altername 

4 mclude the operabon of the SVE system for one year the operauon of the extsmg french 

dram and Buddmg 891 water treatment system untd complebon of rem-on and groundwater 

momtormg for 30 yean The present worth of the O&M costs for thu altematwe is $5 358 700 

the post closure cost IS $1 853 800 The total cost of this altematwe is $8 141 800 A detatled 

cost estunate for capital and O&M costs for th~s altematwe is rncluded m Appendm E 

4 2 6  m v e 5 .  1 al 
Enhancement 

Thls altematwe would m o v e  con- groundwater by pumpmg it to the surface and 

treatmg it m the Buddmg 891 water treatment system It would also remedmte residual sources 
of contammahon m the subsurfke sods by SVE with thermal enhancement The alternative 

targets all contauumnts drssolved m the groundwater as well as sources of residual orgmc 

con-on such as DNAPb h W l y  a W e d  sod gas survey, consistang of 

appmxunately 100 sod gas probos would be conducted to deterne mom pmse  loamons of 
residual contammnts Tbe survey would take approxmately SIX months The results of thls 

survey would be used to determum at#rs requmg treatment For the purposes of thts detaded 

analysis only the pxeviously identtfiad soume area w i t h  IHSS 119 1 wdl be considexed for 

treatment 

As with Altematwe 4 the treatmeat zone would fvst be dewatezed by pumpmg from the exlstmg 

groundwater extractron well and two add~t~onal extractron wells All gnwndwater collezted 
would be piped to the french dxam sump for transfer to the Bulldrng 891 water treatment system 

ImtA dewabnng IS expected to take 60 to 80 days with lotermitteat --on conmumg 
afterwards to keep the treatmeat zone dewated fhroughout the entm remednl acbon 
Approximately 80,oOO gallons of groundwater are expected to be recovered 

Once dewated, themally cnbaM.Rd SVE would be apphed to the treatment zone to volatdne 
and m o v e  any madual sources of orgamc contamm&on Just as with Altematwe 4 

approxmately 15 vapor extrachon wells would be dnlled in the source area The SVE system 
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ut&& m h s  altemahve would be the m e  as was Nscnbed for Altematwe 4 based on the 
results of the OU 2 treatabfity study To reduce the remeximaon tune frame subsurface 
temperatures would be riused to approxmately 260 "C usmg ra&o frequency antennae All of 
the vapor extracaon wells would be constructed to accommodate the RF antennae The 
mcreased vaponzaUon caused by the elevated temperatures would result m a reduction m 
remedlaaon tune as compared to unenhancad SVE 

offgas from the SVE system would be treated with GAC or catalytx oxxWon pnor to 
drscharge as described for Altmatwe 4 The pmposed SVE system would requlre two skrd 
mounted GAC vessels m sen= each contammg 1500 pounds of wvated carbon The 

actxvated carbon m the vesscl would be replaced approxmately every three months the spent 
carbon could be treatcd at an off ate regenemon facdity Carbon replacement may be mprcd 
more frequently than every &me months dependmg on the efficiency of the RF hcatmg process 

offgas from the vacuum pump would be momtonxi to determure the effectweness of the 
enhanced SVE system Intemttmt opcmon could be employed to mcmase the recovery of 
residual sources and decrease ojmatmg costs The medmtmn tune frame for thls altematwe 
is three years, lncludmg sut months for sod gas surveymg two years for sod vapor extramon 
and dewatcrrng opcmtms, and s a  months for mob-onldemob-on The french dram 

would be dewmmwioncd upon cumpl~on of remedral actmaes 

The evalmon of the two threshold and five bdmcmg cntena for Altemve 5 Gmndwater 
Pumpmg and Sod Vapor Extrachon With Thermal Hnhancement am summanzed as follows 

"Ius alterrutwe would protect human health and the enmnmcnt by movmg the contammants 
from both gfoundwater and subsurface sods Exposure potentd would be reduced by reducmg 
the contammnt concen~ons and movmg the source The austmg frcnch dratn and 
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extracuon well would contmue to capture contammated groundwater and prevent downgmhent 
migrabon of COCs 

Thts idternatwe would be protectwe of the envmnment both downgrahent of and withm OU 1 

because m adhhon to utdumg the exlstmg french dram to mtercept contammated groundwater 
migratmg away from OU 1 the source at MSS 119 1 would be remednted 

RF heatmg may have some nugatwe xmpacts on the sods at OU 1 due to the kgh temperatures 
that are reached dumg --on W e  the elevated temperatures may mcrease the 
effectiveness of m e a t  for the COCs, they may be baxmful to subsurface biota 

Key ARARS would be met for ttuS altername In particular modelmg shows that MCLs would 
contmue to bc acbved for gnrundwater COCs at Woman Creek pmidmg longterm 
effbtweness In ad&on thrs altematwe would provide a large degree of permanence because 
the source area at IHSS 119 1 would be treated However the  is also some degree of 
unceftamty as to the level of cleanup that m l d  be acheved for source area DNAPLs with the 
enhanced SVE technology 

Because Uus al temve would mahate the source at IHSS 119 1 modelmg shows that a nsk 

level of 3 22xl0-' would be acheved at Woman Creek Therefore the magmtude of midual 
nsk that would result from the Implementaton of Uus altematwe falls well below the acceptable 
nsk m g e  of 104 to lob -onally, nsk from surface sod mtamnants would mnam wrthtn 

the acceptable nsk rangt of 104 to lob 

Altemve 5 would be completed wrtbm three years During mplemen&&on there would be 

no unacceptable short term nsks to the pubhc There may be p0tent.d nsks to on-site workers 
from exposure to COCs m groundwater or sod vapor and safety hazards ~ssocnted with 

d d h g  constmaon at%vitms, and operabng the RF hcatmg elements However, nsks would 
be mtlurmztd through SEandard health and safety pm%ces 
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With or Relev& 

Chemical soeclfrc ARqBs 

The results of groundwater modelmg and groundwater momtonng mdIcate that groundwater at 

Woman Creek currently mects MCLs Modehg results mhcate that there wdl be no 
exceedance of MCLs at Woman Creek through ImplementaUon of this alternahve Groundwater 
modehg results demonstrate that the hghest ColICentratton of PCE IS 5 94x104 mgll for this 

alternatwe The peak co~~ctlltr~$on occurs over a short duratlon and 1s below the MCL 
AssumpUons of the model are discussed m Apjmdut B and have mcluded factors for natural 

degdabon but not volablrzaton Alternatve 5 and Altcmatwe 4 am the same m tams of 

compbce with ARARs with few e x w o r n  The e x w o n s  am noted m the followmg 
discussions of -on specific and l m o n  specdie ARARs 

The action specdie ARARs assoaatcd with Altemabve 5 axe the same as pmsentcd m Alternatwe 
4 Compbce with RCRA nqumments for a temporary umt CAMU idenMiaon of 

hazardous waste storage of hazardous waste @sal of hazardous waste, and organrc au 

emmions and leaks from the treatment umt wdl be achcved TbQ possrble Merenee m the two 

alternatwes may be the amount of orgamc const;ltuents lefi m the OU 1 general area It IS 
possible that the tbermal enhancement WIU leave shghtly less contammarit pockets and sod vapor 

around extrachon well locafions, assummg iur dryrng tGchmques am effectrve and the vapor 
generauon rate 1s controutd Closure of the CAMU would mvolve less colltarmnants left m 

Other -on spccflic ARARs are antmpated to be comphed wlth m the same manner as was 
&scussed under Alternatxve 4 
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-tion Sbecfic ARA& 

The areas of heaviest orgmc contammabon am at IHSS 119 1 and 119 2 Assummg adhhonal 
extrachon wells are placed around these areas away from the french dram and Pond C 1 

destrucbon of npanan vegetahon and fauna dumg thennal enhancement wlll be muumal 
Therefore the habitat and fauna such as preble s meadow-jumpmg mouse wdl remam mtact 
Thls species is of specd concern not threatened or endangered under State or Fedend law 
It is anhcipated that cornplmce with DOE wetland protectaon regulahons and the State s law 
concemmg non game species wdl be aheved with mplemenmon of this alterwitwe Should 
it be necessary npanan habitat would be replaced d it is destroyed by the thermal technology 

Impacts from decommmmmg the h c h  dram would be the same as has been dwussed for 
all previous altemabves The wetland pmtemon regubons and non game species laws would 
be cornphed with d ttm altemttve 1s selected 

Srrmlar to Altemahve 4 thts altematwe would remadtate the source area at IHSS 119 1 and the 
exlstmg french dram extradm well and Buddmg 891 water treatment system would contmue 
to extract and treat contammtcd groundwater nugmtmg from IHSS 119 1 Thedore the 

residual nsk would be &ad as compmd to the no actton and mmtuhonal control altcmatwes 

Thls altematm may prow& more effcctlve and permanent treatment as compared to Altemauve 
4 because enhancmg SVE with RF h t m g  may more effectwely remove residual COCs trapped 

withm the less permeable sods at OU 1 However i t  1s u n c e m  whether enhanced SVE or 
other m situ tecbmlopes can effkmvely mate DNAPLs at 119 1 due to the general lack 
of documented succcss m treattng DNAPLs at any mte 

This altematwe would provide long-tern p m o n  for potcntuil human nceptors and mmmze 

the human health nsk assocutexi with contammated padwater  by conbnumg to acheve 
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groundwater MCLs at Woman Creek However although ths altematwe may contmue to 

effechvely achleve the MCLs by remedmtmg the sods and groundwater it may not be 
completely effectwe at removmg DNAPLs If they are present at OU 1 Followmg treatment 
of the source contammated groundwater w i h n  OU 1 would contmue to migrate away from 
MSS 119 1 Modehg m&cates that under thls altemahve groundwater would contmue to meet 

MCLs for COCs at Woman Creek A five year review would be conducted to determme the 

conmued effect~veness of thrs altematwe 

Contammated mateds generatad as a result of dus altcrnahve mclude spent carbon from the 
SVE off gas merit system and spent ion exchange mms from the Buddmg 891 water 
treatment system TheFe are no mgndicant nsks assmated with handlmg and shlppmg either 

the spent carbon or the ion exchange msms 

"Ius altemat~ve satrsfies the NCP preference for treatment as a PMC@ element of the 

alternative This altcrnat~ve would cffectrvcly reduce the mobhty and volume of contsrmlnants 

m OU 1 by removmg any SecOQdary source of contarrrmatts from the subsurface Groundwater 

extxamon would reduce the volume of COCs m groundwater and sod vapor e m o n  would 

remove COCs €iom the ullsatluattd zone Rcmovmg the secondary mums of contamnants 
would also reduce t h ~ ~  mobhty by pmventmg potemal add~t~onal mgrat~on 

Extracted groundwater would be mted m the Buddmg 891 water treatment system "Ius is a 

destructwe treatment pmccss and thus would result u1 decreased tox~city GAC from the SVE 

off gas treatment system could be regenerated off site resultmg 111 add~t~onal reductton m 
toxlC1ty 

Contarnmated matenals generated as a result of thts altmatwe mclude actwattxi carbon from 

the off gas treatment system and spent ion exchange rtsrns from the Buddmg 891 water 

treatment system Both wastes would be s h e  off site for mtment and eventual -sal 
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There a~ no si@icant nsks asmated with handhg and shppmg either the spent actwated 
carbon or ion exchange resms 

Potend short term mpacts on the envmnment assocnted with thls alternatwe mclude a mmor 
amount of &sturbance to the sod and cllsplacement or loss of vegetaaon dunng construmon 

amvibes In situ sod h t m g  may have addlbonal mpacts on subsurface biota due to the hgh 

tempemtuns that am reached dunng opemon Potmtd short term mpacts to the publsc axe 

rrrrmmal under thts altemmve 

Potentnl nsks to workers dumg medutaon actwitms mclude potcnhal exposures to COCs m 
extracted groundwater or sod vapor "'here are also safety hazards assoctated with drrllrng and 
other mnstrumon act~vit~es as wcll as with the -won of *e RP hea!mg dmces Rdcs to 

workcrs would be mmmzcd thmugh standard constmaon and process equrpment operauon 
safety practices 

Thts alternabve would be readrly mplementable Sod vapor e m o n  IS a proven and 

commonly used technology that does not requm any untque or unusual equqment Although 

RF heatrng IS a less common tcchaology, it IS m y  amiable through Slpectalrzed vendors 

The mplementabhty of thts abma&ve would not be lmtod by the avarlablllty of services and 

materials nor would there be any sigxuficant tecbcal or -ve dlfficultm assoclsLted 

with thls altemve 

Implementmg thts altername would not l m t  the &hty to perform futw medxal aaons rf 
any are detenmcd to be necessq Groundwater morutomg mntuwd under t h ~ ~  altemaUve 
would to track any movement of COCs 
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Vapor extractton wells can be mstalled usmg standad drdlmg techtuques and standard 

constructton matenads that axe m d d y  avadable wratton of the SVE system would not requm 
hgbly specmhzed personnel or t m m g  however usmg the RF heatmg antennae would rqum 
a certam amount of spec& trartrung or assistance from thb vendor The RF antennae can be 
easlly rnstalled m one or several of the vapor ex-on wells and can be easdy moved from one 
well to another, as n q u d  RF heatmg does not produce any residuals 

Admmstrabve requmments for h s  alte-ve would mclude o b w g  an a u  cmssions permit 
for the SVE off gas Spent GAC from the off gas traatmbnt system could be sent off site for 
mgenemon Spent ion exchange resm from the Buddmg 891 water treatment system would 
Contlllue to be regenerated on ate 

Costs for thts altematwc mclude the costs for the followmg items 

sod gas =Ncy ( V - Y  100 P h )  
two groundwater exbractlon wells (s1x mch dameta, 2o-fOot depth) 
15 vapor extractron wells (four-mch duuneter, 20-foot depth) 
two vapor extracton systems, with blowers fiten and other appurtenances 
activated a u k n  adsorptxon system (two vessels contammg 1 500 pounds each) 

assocated pqnng, pumps, awl mstnrmentatm 
W/mmdc/m excbangc water tmtment system opcr&on 
groundwater motlttoMg for 30 years 

r a c l l o ~ h c a t m g u n t t  

The capital cost for Altam&ve 5 1s $1 845 700 08cM and post-closure actwittes for 
Altematwe 5 includes opcr&on of the danced S V E  opemuon of the e m g  french d m n  
and operation of the Bruldurg 891 water treatment system untd the compldton of reme&atton 
Groundwater momtonng for 30 years IS also mcluded The present worth of the O&M costs for 
tbs  altematwe N $3,845 700 the post-closum cost 1s $1 811,700 The total cost of h s  

altematwe IS $7,503 100 A detadcd cost atmate for capital and O W  costs for this alternative 

is lncludbd m Appednc E 
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4 2 7 N - L & o n  With Met- 

Th~s altematwe would Grn- groundwater by pumpmg it to the surface and treatmg it ~fl the 

Buddmg 891 water treatment system It would also remove residual sources of contammatton 

from the sod with a combmaQon of m situ mechmcal m w g  and sod vapor extracoon with hot 
au mjechon The altematwe targets dmolved adsorbed vapor and free phase DNAPL 
contamxnahon A detaded sod gas survey consistmg of approxunately 100 sod gas probes 
would be conducted ~ t l l t d l y  to determme l-ons withrn the source a m  that requue 
rernedmon 

The treatment zone would lrutlally be dewatered by pumpmg the e-g groundwater extraction 

well T ~ I S  IS expected to take appmxmately five days smce the well is currently m openition 

and the water table m the vlcllltty IS already depressed The a m  near the exutmg well would 

then be treated usmg a portable system that combmes rnechawa.l rmxlng and thermal 
enhancement with convcntlonal SVE techmques This 1s m mnovatme propriety technology 

whch mcreases the rate of soll vapor m v q  througb wgotous mmng and thtnnally enhanced 
volathzabon The ng-mounted equqment consists of a IO-foot h e t e r  auger capable of 
mmug sod to a depth of 20 feet whde mjectmg hot au  Sod vapors are mvefed at the surface 

through a 12 foot dtameter SW The physical mung ensums exposure of all treated sods 
to hgh volume au flow and eluntnates channelrng and dead. ulllcs The combmon of m m g  

and enhanced volathzabon reduces treatment tune and mcrcases contammant mmoval 

effectweness m heterogenous or bghtly consohdated medm such as IS present at OU 1 A plan 
view of Alte-ve 6 IS shown m Figure 4-2 

As the system mwm from one sod column to the next, groundwater extractton wells would be 
mstalled and removed from vanous locat~ons m the tmited u n u m s o w  matcrud to ensure that 

the treatment zone is  kcp! dewatered dunng treatment Several wells would be mstalled 
pexmanently as groundwater moxutonng locabons 

The mmedd tune frame for tlus tneatment method is hghly dependeat on site combons and 
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the volume of sod requlllng xemedxauon The system would operate for approxlmately three 

months and treat approxmately 4500 cubic yards of sod The french dmn would be 
decommissioned upon compl&on of remednl achvitres 

The evaluabon of the two threshold and five balancmg cntena for Altername 6 
Injechon With Mechamcal Mwng are summanzRd as follows 

Hot Au 

erall Pmt- of 1 

Thrs altematwe would be protectwe of human h d t h  and the envmment by remowng the 

contammnts from both groundwater and subsurface soils at MSS 119 1 Exposure potend 
would be reduced by dccrcasmg the cootamtnaat c o n m o n s  and removmg tbe source The 

emtmg french dram and extrachon well would contmw to capture COIltarmnatcd groundwater 

and prevent downgradtent mlgrabon of COCs 

Thrs altematwe would be pmtcct~ve of the envmnment both downment of and withm OU 1 

because m addmon to ubsrpng the exutmg frcnch dram to mtempt contammatd groundwater 
mgratmg away from OU 1, the soum at MSS 119 1 would be remedmted 

Hot a u  mjmon may have some negatwe mpacts on the sods at OU 1 due to the lugh 

temperatures that am mached dumg aperaton WUe the elevated temperatures may mcrease 
the effectweness of treatment for the COCs they may be harmful to subsurface biota This 

technology may also have a bgha potcntd to spmd the c o n m t s  away from the treatment 
zone 

Altematwe 6 would meet key ARARs In patttcular M c l s  would contxnue to be aclueved for 

groundwater COCs at Woman Creek, pmvidmg long term effect~veness In adhhon thls 
altematwe would provide permaaence to the degree that it could effktwely treat the source area 

at IHSS 119 1 However, them IS some u n c e m t y  as to the level of cleanup that could be 
acheved for DNAPLs with this technology 
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Because ths altemauve would remednte the source at MSS 119 1 modelmg shows that a nsk 

level of 3 22x10' would be acheved at Woman Creek respectwely Therefore the maptude 
of residual nsk that would result from the unplementabon of thls altematwe falls well below the 
acceptable nsk range of 104 to lob R ~ s k  from surface sod contaminants would remam within 

the acceptable nsk range of la' to lob 

This altematwe would be completed m appromately one year Dumg unplementauon there 
would be no unacceptable short term nsks to the pubhc There may be potentnl nsks to on site 
workers from expome to COCs m groundwater or sod vapor and safety hazards assoclilted 
with construchon actmhes the hot a~ mjectlon and operatton of the mechiuucal m m g  tool 
However nsks would be mmmmd through stanM health and safety prac~ces 

With- or 9 

The designaaon of ARARs for ths altematwe is the same as has been pmented m Altematwe 
4 and 5 Sundarly, the comphce with these ARARS 1s the stme that 1s Altematwe 6 wdl 
comply with chemd-acrfic, -on specdic and l m o n  specflic ARARs The followmg 
h u m o n s  mentum the vanat~ons of technology and unplemcnmon where it is mportant to 
comphce with ARARS 

The results of groundwater modelmg and groundwater momtonng mhcate that groundwater at 
Woman Creek cumtly meets MCLs Modehg nsults also md&cate that there wdl be no 
exceedance of MCLs at Woman Cnek through mplemenmon of thrs altemve Groundwater 
modelmg results demonstrate that the hlghest concentrabon of PCE pen& is 5 94x104 mg/4 for 
this altematwe The peak concentraton occurs over a short d m o n  and 1s below the MCL 

Assumpbons of the model am discussed m Appendu B and have rncluded factors for natural 

degradation but not volatdua&on of orgamcs 
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Comphce with the RCRA nqullwnents for 

a temporary umt 

ident&atIon of hazardous waste treatment residuals (off gas treatment system) 
storage of hazafilous waste treatment residuals 
Qsposal of hazardous waste treatment residuals 
0-c au ermssloll leaks from the treatment system 

a CAMU can be acheved wrth ths altematwe 

The CDPHE would need to designate OU 1 a CAMU and estabhsh the closuE and any 
groundwater momtomg rqummcnts u1 complmcc with the RCRA regulat~ons (6 CCR 1007 
3) Altematwe 6 sunrlar to Altematwe 5 may enhance the amount of orgmcs that can be 
extracted from the sod and sod vapor, assurrrmg mechamcal muung and hot a u  mjechon work 
effmvely It IS possible that these comb& technologm wdl leave sllghtly less contammints 
m the CAMU area at the tune of closm than Aternatwe 4 

Other W o n  specdic ARARs would be compbed with rn a manner smlar to Atematwe 4 and 

5 

It is assumed that mechantcal rmxtng hot au mjmon and add~t~onal extracton wells wdl be 
placed w i t h  or near MSS 119 1, away from the french dram and Pond C 1 Therefore the 
habitat and fauna such as preble s meadow jumpmg mouse wdl lrcrmu~l mtact Thrs species IS 
of specnl c o m  not thmtmed or endangered, under State or Federal law It 1s ant~cipated 

that compbce with DOB wGtlaad p m o n  regulat~ons and the State s law concemmg non 
game species wdl be achcved with mplementabon of ths altematwe Should it be necessary 
npanan habitat would be replaced lfit is destroyed by the thermal technology 
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l k s  altematwe would remednte the source area at IHSS 119 1 and the extsbng french dmn 
extracbon well and tnatment system would contrnue to extract and treat contamuted 
groundwater migratmg from IHSS 119 1 Therefore the residual nsk would be reduced as 

compared to the no amon and mst~tutaonal control alternatwes 

Thrs alternatrve may p m d e  mom e f fmve  and permanent treatment as compared to the SVE 
altematxves Altmat~vcs 4 and 5, bccause mechamcal mmng and hot u mjectlon would mone 
thoroughly fcmovt d u a l  COC conccntraQons from the sod Them is some uncertamty 
however, that the COCs at IHSS 119 1 can be effe&vely rem- due to the low perme!abhty 

of the sods and the geaeral lack of documented experience m effmve DNAPL treatment at an] 

site If residual COCs 811: not effkctwely m o v e d  d m g  remaid act~wt~es they may contrnue 

to act as a sourct of growdwater c c m m o n  

Followrng treatment of the source c o n e  gnruadwater withm OU-1 would conbnue to 
rmgrate away from IHSS 119 1 Modchg Urdrcatts that under this altematwe gmundwater 

would continue to meet MCLs for the COCs at Woman Creek A five year review would be 
conducted to detemne the conmud  cffe!ct~veness of thcp dtcmatme 

T ~ I S  a l t e m v e  would p m &  long-tcmpmtcctmn for potentxal human receptors and rmtltmu~ 

the human health rlsk 885ocIBbtd wah collt8ItllI18ted gmxxlwater by conmumg to acheve MCLs 

at Woman Creek However, although the MCLs can contmue to be ackved  with this 

alte-ve by medrabag the soils and groundwater, thu altensatsve may not be completely 
eff-ve at mnovmg DNAPLs If they are present at OU 1 

Contarmnated matenab gcmatcd as a mul t  of tius dtmatwe mclude spent carbon fiom the 
mneduitton equipment off-gas treatment system and spent ion exchange twills from the Buddmg 

891 water txeatment system The spent GAC would be sbpped off ate for mgenemon and the 
spent ion exchange ~ C J M  could cmtmue to be mgenerated on site Then 811: no sl@cant nsks 
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assocntd with handhg and s w m g  either the spent carbon or the ion exchange rems 

uction of T o m v .  M o w  or Volume Thr~@ T- 

Altemauve 6 would sat~sfy the NCP preference for treatment as a pnncipal element of the 

altemabve Thls altematwe would effectwely reduce the mobdq and volume of contarmnants 

m OU 1 by removmg any secondary source of contammints from the subsurface Mechatllcal 

muung and hot an mjmon  would reduce the volume of COCs m subsurface sod m both the 

saturated and unsaturated zones Removmg the residual souxces of contammum wdl also reduce 
the= mobllrty by preventmg potenttal add~t~onal mgrahon 

Extracted groundwater would be treated m the Bulldulg 891 water treatment system Thls is a 

destructwe treatment process and thus would result m decreased tox~city GAC from the off gas 
treatment system would be regenerated, multmg m ackiibonal redumons m tomcity 

The hot SUT m j a o n  and mechamcal mmng techology u t h s  sod vapor e-on to control 

COCs volattlrzed by the mwng and mcreased temperatures However the technology may 
actually mclpase the mobhty of mntammants by spmadmg them beyond the b u n c h e s  of the 

treatment zone 

Contammated mate& generated as a result of t h ~ ~  altexnamve rnclude act~vated carbon from 
remedmbon equipment off gas tmatment system and spent ion exchange mms from the Bulldmg 

891 water treatment system There are no signtt?cant nsks assoc18ttd with handhg and shtpplng 

either the spent achvated carbon or ion exchange rems 

This altematwe would have slgntficant short tern unpacts on the enwrmmeat withm the 
treatment zone at MSS 119 1 Impacts mclude dmurbance to the sod and duplaccment or loss 
of vegetabon dumg r e m a  act~vibes The hot an mjecbon and thorough mechamad m m g  
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would have severe mpacts on subsurface biota due to the hlgh temperatures that are reached 

dunng operaQon Potentd short term mpacts to the pubhc are muumal under thls altername 

Potend nsks to workers dumg remedmtton acttwttes mclude potentd exposures to COCs m 
extracted groundwater or m sod vapor There are also safety hazards assoclated with the 
operahon of the m e c h c a l  mwng equipment Mmng the sod would m c m  the nsks 

assoclated with operaturg heavy aquxpment m OU 1 whch 1s characted by hghly unstable 

sods The nsks to workers would be mxnmzed through standard constructton and process 

equipment opcm&on safety pract~ces 

Tfus al temve would be &y nnplcmentable Although the technology that would be utdmd 

m thu altemtwe IS not as common as those for the other r e m d o n  altemat~ves equipment 

for hot au  mjmon  and mechamd rmxtng IS M y  aviulable The unplementabhty of this 

altemtwe would not be lmtcd by the avadabhty of sewices and matcnals, nor would there 
be any si@icant m v e  drfficultcs assocmted with thts albmatwe 

There are several potcntd techmcal problems that may be encounted If this altemattve is 

unplemented Fmt, the technology may be drfficult to unplment at OU 1 due to the claystone 

m a t e d  that IS found m the subsurface The formatton is hghly unstable whlch may present 

safety problems dunng mdal opcrabons In addmon as the xemdnbon progresses the 

remcdmt~on zone would become completely med saturated, and soft InstaUmg the necessary 

dewatemg and momtomg wells mto the treatment zone may not be possible If a dnll ng can 
not be dnven onto tlm mated 

Admmstmtwe nquvements fordus altemve would rnclude obtauung an m emusions permit 

for the off gas system Spent ion exchange resm from the Buddmg 891 water treatment system 

could contlnue to be regencnued on site 
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Costs for ttus altername rnclude the costs for the following items 

mechantcalmwngumt 

sod gas survey (appmmately 100 probes) 
five groundwater exmaon wells (SIX mch dmneter 20 foot depth) 

assocnted pipmg pumps and lnstrumentatlon 
W/peroXldc/ion exchange water treatment system operahon 
groundwater momtomg for 30 years 

The capital cost for Altcmve 6 is $1 354 400 O&M and post-closun actxviaes for 
Altematwe 6 mclude the operatmn of the exlstmg french drarn and Buddmg 891 water treatment 
system una complehon of femcdral actlvitles and groundwater momtormg for 30 years The 
present worth 08tM cost  forth^^ al temve is $1 887 300 the post-closure cost 1s $1 789 100 

The total cost of thrs altcrrlatve is  $5 030 800 A detaded cost estunate for capital and O&M 

costs for h s  altcmat~ve IS lncluded m Appenduc E 

4 2 8 m v e  7. S r v a l  W- 

This altematwe consuts of the excavaon of approxmately 20 OOO cubic yards of unsaturated 
and potentdy saturated sod from IHSS 119 1 The amount of groundwater collected from 
dewatemg the excavatmn would be appmxunately 80,OOO gallons dependrng on the seasonal 

level of the water table Standad submersible pumps would be uttluRd to pump the 
groundwater to the OU 1 h c h  dram sump pump whch would then dmct the water to the 
Budchug 891 water tnatment system for final mtment and dwharge 

The top sod located w i t h  the excavauon ana would be scraped and stoclqnled on site to be 

mated with top sods f b m  OU2 at a later tune and the subsurface sods excavated and 
transported to a stagmg area coIIstluctcd w i w  300 feet of the excavmon The sod =moved 
from the excavatmn could not be replaced because even treated sods could not be ctrtsllll to be 

protectwe of groundwater MCLs "he low orgamc carbon content of the sod favors parUUonmg 
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to the aqueous phase, therefore very small conmtrabons of VOCs m sod could result 111 

aqueous phase concentraaons greater than the MCLs Based on a fractton of orgmc carbon (fJ 
of 0 002 for the sods at OU 1 (DOE 1994) the concentrabons of COCs rn sod that would be 
requved to be protemve of groundwater MCLs are below -on b i t s  and therefore too low 
to venfy Therefore all excavated sods would need to be &sposed off site Pnor to bemg 

&sposed m an off site hazardous waste landfill however the sod would requm tnatment to 

meet the Land I)lsposal w e n t  standards for each conmtuent The treatment 

standardsfor1lDCE CCL, PCE andlllTCAare33mg/kg@raposed) 56mg/kg 5 6  

mg/kg and 5 6 mg/kg mspcctwely 

The excavated sod stoc4W m the stagmg m a  would be dewatered and then tmtd by a dud 

mounted thermal desorpClon umt The &-on of thn altematxve has been estimated to be m e  

months although it 1s hghly dependent upon the capacity of the thermal dcsoxpbon uxut 
W01ogm.l momtmng would be conducted for the duratm of the al tcmve A plan view 

of Altematwe 7 1s flustratad m Figure 4-3 

Thermal desorptton s a commcrclluy avILtlBblt proven technology for the removal of volatde 

orgatllcs from sod A conveyor fecds the sod to the thumal dempbon umt whch mses the 

tempemture of the sod to 343 O C  to vo- the VOCs The thennal dcsoqbon umt would 

becquipped with a baghouse tommove any pamculates from the exhaust smzm and an off gas 
mtment uxut such as a catalytx 0-, for the destmctmn of any TCmatnlng VOCs and 

carbon mono~dc A thexmal 

desorption umt m l d  be obtamd locally and mobrltzed on site M one day 
The treated aw could then be emttcd to the atmosphere 

Followmg tmtmcnt, the sod would be padaged and shqped to a hccnsd hhty located withur 
100 d e s  of the ate It should be notad that there is currently a pmposed rule whch states that 

If the sod were to be treated to mcct the proposed Uxuversal Treatment Standard for each 

c0n-t of concern it may be posable to put the sod back rat0 the excavmon followmg 

treatment However gwcn the geology of the site there 1s a possabhty that the sods treated 
to either of these standards could contammate the groundwater above MCLs rf it were placed 
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back mto the excavabm It has therefore been assumed that the sod would reqw shpment to 

an off site Qsposal fachty 

Extensive groundwater momtomg would not be requved for th~s altemauve because the source 
of contammtIon would be removed Groundwater monrtomg would be contmued to evaluate 
the effectweness of the removal amon Short tern a n  monrtonng would be q u d  dumg 
excavauon aavitxes The french dram would be decomrmssioned upon compl&on of remedud 

actwitIes 

The evaluatxon of the two threshold and five bdancmg cntena for Altcmatwe 7 

Excavatxon and Gmndwatcr Removal With Sump Pumps are summanzed as follows 

Sod 

the 

Thls altcmat~ve would be m v e  of human Wtb and the emmoment by excavatmg and 

tmtmg subsurface sods, and pumprng and treatmg groutadwater at IHSS 119 1 Exposure 
p o t e n d  would be reduced by dccrmsmg the contamrunt CollcCMnfioIls and removmg the 
source The e m g  freach dnun and extracton well would contmue to capture contammted 
groundwater and prevent downgradmt mmon of COCs 

Thls altcmatlve would be protactve of the enVlf0~8at both downgradlent of and W l t h l n  ou 1 

because 111 Wbon u t & q  the exlsdng fr#rch dram to intercept mtammtcd groundwater 
mgrabng away from OU 1, the soww at IHSS 119 1 would be rcmedntcd 

Tlus altemat~ve would meet by ARARs In parhcular, MCLs would contmue to be acheved 
for groundwater COCs at Woman Creek, prowdmg long-term effectrveness This dtanat~ve 
would also pllrovtde tb gmtest d q m  of permanence of all the tmtment rrlternatrves because 
excavatmg the sourct area would be the most effectrvc way to remove DN- 

Altematwe 7 would have a stsntficaat lmpact on the emnment  due to the large excavabon 
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and rnatenal transportahon requments Excavatmg the en- source area would negatrvely 
unpact the flora and subsurface biota However there are no si@icant long term effects 
antmpated from ihs  altemve 

Because ths altemve would remedmte the source at MSS 119 1 a nsk level of 3 22x10' 
would be aciueved at Woman Creek respectrvely Therefore the maptude of residual nsk that 

would result from the nnplcmenmon of thrs altematwe falls well below the acceptable nsk 

range of 104 to 106 Add~t~onally nsk from surface soil contammnts would remam w i h  the 
acceptable nsk range of 10' to 106 

'Rus a l t e ~ v e  would be complctcd w i t h  one year Dunng mplemenwon there would be 

the potcntml for nsk to the pubhc due to potentdly contammted an borne dust generated 
dumg excavatmg WnM and the tmnsportaQon of large qmhhes of excavated sods off site 
The= may also be nslrs to workers from exposure to COCs m groundwater or a u  

bome dust Workers would also have potentnl safety hazards asmuted with openitmg the 
earth-movmg aquqpment and the thermal dewwon unit However nsks to workers would be 
rrrrmrmzcd through standad haalth and safcsy pract~ces 

The ARARs 85soc18tbd with ths altemat~ve are very stmtlar to those presented and drscussed for 
Altemat~ves 4 5 and 6 Ahmatwe 7 can comply with chtrmcal-spccf~c l m o n  spccfic and 

actton specfic AWRs The major Mercnce of ttw altematwe from 4, 5 and 6 IS the 
excavmon of sod to groundwater the subsequent abovegmud treatment of sods and &sposal 

of sods 1 ~ 1  a RCRA faahty The maaagement of sods wtll q u m  compbce with the 
hazardous waste land cllsposal rcstnct~ons The followmg paragraphs summanze the comphce 

with ARAB status for thts alternatwe 
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The results of groundwater modelmg and groundwater momtomg mdmte that groundwater at 

Woman Creek cumntly meets MCLs Modehg results also mdnte that there WIU be no 
exceedance of MCLs at Woman Creek through mplementahon of h s  alternatwe Groundwater 
modelmg results demonstrate that the hlghest concenmon of PCE 1s 5 94x10' mgl! for thrs 
alterrutwe The peak concentratron occurs over a short duratlon and 1s below the MCL 

Assumptions of the model are cfiscussed m Appendur B and have rncluded factors for natud 
degIadatxon but not v o m o n  of orgamcs 

Comphnce with the followrng RCRA rcqumments w d  be accomphhed 

idcntlficatlon of hazardous waste txeatmalt residuals 
tmttmcnt of commmtd sod m a temporary umt 

monxtomg of oigaruc a u  emmuon equxpment leaks and process vents 
a CAMU for OU 1 

dlsposat ofhwaldous waste txeatment ~ i d u a l s  and sod 

Although the SOUI# of the mjonty of codtarmnaton would be moved with h s  alternatxve 

because some unknown amount c a m o n  would be left rn place CDPIIE would need to 
designate OU 1 as a CAMU It is antxcxpated that once groundwater IS m o v e d  and txeated m 
the Buddmg 891 water treatment system and soil IS treated and dqosed of off site the 

qumments for groundwater momtomg and post-closum of the CAMU could be rmnunal 

It IS possible that EPA s proposed defimQon of sod contammated with hazardous waste could 

be promulgated pnor to the fiaal CADBOD It is  anticipated that tlw altcmatwe would meet 

the proposed changes to the defimtion of hazardous waste 

Other achon specfic ARARs such as Reguhon 7 Ciontiol of VOC Ermssions of the Colorado 

a n  pollution ngulat~ons, wlll be comphed with m operatmg the dewwon umt Levels of 
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emissions a ant~cipated to be below two tondyear of VOCs 

Th~s altername would mvolve placement of a PVC pipe from the excavated area of 
contarnm&on to the e-g h c h  dram sump Although the area mvolved m construmon 
actwity would be small, there would be a short term mpct to npanan/we&nd areas around the 

french dram Any npgnan vcgetat~on wtuch IS e y e d  would be replacad accmhg to DOE 
regulations on wetland ptectmn This assumes it IS d c t c d  that the= axe no other 

alternat~ves whch cuuld acineve the sllllzc or sLrmllll mult 

This altcmabve could d t  rn a aegaave shortterm mpact to a State species of spec& 

concern It41-m mcasums would need to be discussed wrthm the State Dwuion of Wddhfe 

to enable the least dwnrgtlon to habitat and comphce with the State law on protection of 

spcaes of spccml conam, such as -le s meadow jumpmg mouse 

T ~ I S  alteraattve would remove mtammtcd gnwndwater and sorl mcludmg the midual 

concentrat~ons and any nonaqueous pbase that may act as a source thenby signrficantly 

reducmg potentd nsks to human healtb and the en-- The e- fnnch dram 

extmmon well and Wdmg 891 water treatment system would contmc to extract and treat 
cont8rrrm8tcd gnwndwatcr nngratmg from MSS 119 1 untd the coamtmtmm of COCs IXI 

groundwater at OU 1 am rsduc4d below M U S  "herdim, the mdual nsk would be reduced 

as compared tow no actton and msbtut~onal controls altcmat~ves 

Followrng treatment of the source, mtmmatcd groundwater OU 1 would conmuc to 

mgxate away from IHSS 119 1 Modchug mkatcs that under thu altemt~ve gmndwater 
would cont~~uc to m a t  MCLs for the COCs at Woman Creek A five-year mwew would be 
conducted to detemmc the contmcd effecbverwss of tius alternative 
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Thls altemabve would pmv& long term protectron for potcntnl human receptors and mllllIllfZe 
the human health nsk assocmted with COllEarmbaftd groundwater by contmmg to acheve MCLs 
at Woman Cretk However although the MCLs can be acheved with thrs alternatwe by 
remedratrag the sods and groundwater t h ~ ~  altcmtwe may not be effectwe at removmg 

DNAPLs rf they are present at OU 1 outs& the arm to be excavated 

Excavated sods would be treatad on site by thermal desorption and siuppcd for off site dqosal 

at a properly pcrm~tted fachty 'l%cre m no signtficant nsks assmated with handlmg and 
stupplng the treated mls 

C o C - c o n t a m t n a Q d ~ I L S l n m o v e d f r o m ~ ~ ~ w o u l d b e ~ u g l n g ~ ~ ~ o n  

Thrs would reduce the volwne and toxiaty of COCs m sods pnor to off site -sal at a 
properly pernutted facdlty In adcl~t~ou extrrrcttd groundwater would be treated m the Bulldvlg 
891 water treatment system, w k h  IS a datmctwe treatment process and thus would result m 
a further decrerrc m tomaty 

Contarnurated matends garreratad as a result of tius alternative dude spent m exchange mms 
from the Bufidmg 891 water treatment system and treated sods excavated from the treatment 
zone There am no slgnrficant risks assocmtcd with handling and shrpprng ather the ion 

exchange resms or the treated sob 
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"Ius alternat~ve would have si@icant shortterm unpacts on the envmment w i t h  the 

treatment zone at IHSS 119 1 Short tern mpacts to human health and the envmnment 
associated with t h ~ ~  altemve lnclude potend worker and pubhc health exposure to airborne 

dust created dumg excavmon and the duplacement or loss of vegetation 

AltemaUve 7 would have a slgdicant short term unpact on the enmnxnent due to the large 
excavaon and mated UmprhWm qumma~ts Bxcavabag the en- soume area would 
negatwely mpact the site flora as well as subsurface biota 

DUMg unp1cmentaUon there Would be the Wtld for nsk to the pbhc due to potentdly 
con- au borne dust gemated dumg excavatmg act~v~tms and the -on of large 
quanbbcs of excavated so& off site Tben may also be potentml nslrJ to workers from 
exposum to COCs M groundwater or a u  borne dust Workers would also have potentml safety 

hazards 85soc18tcd with operabng thc cIuth.movmg cquxpmentand the t h e d  desorption umt 
However nsks to workers would be numuzed thFaugh staadard health and safety pmct~ces 

Excavmon would be mplepnartod uslng standard cmth-xnovmg equtpment However, the 

potenbal for rad~onuch& -on m the excavated sods may h t  the abhty to transfer 
the soh off site A large a m  would be rcquued for sto&phg and trcatmg the excavated 
sods, however, there IS mdent sp8ce avahbk djamnt to thc arm to be Gxc8vBtbd 

Excavated soils would be tnated by thermal desorgcion a proven and commonly apphcd sod 

medmon technology The mpmtabw of this altemat~vc would not be lrrmtad by the 
avadabhty of scmca and matenab, nor would them be any slgruficant tcchmcal or 
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admmstmtwe dd'licult~es assocatcd with t h ~ s  aitcmatwe Groundwater momtomg would be 

used to detemm the effectavencss of this alternative 

Costs for tbIS altematwe rnclude the costs for the followmg items 

The capital cost for Altenratne 7 IS $11 326,100 O&M and post-closun act~vit~es for 

Atematwe 7 mludc gnnmhtm motllt<uzng for 30 years The pmscnt w& O&M cost for 
thu altematwe IS $0 thc post-closum cost IS $1,767,600 The total cost of tlus altematwe is 

$13 093 700 Tius cost esthate does not mclude the cost for dtsposal of rachonuchde 

con- sod, g any IS encountered A Wed cost tstunate for capital and O M  costs 

for tbIS altematwe IS mluded m Appemdix E 

This prescsts tbe compamve analym whch assascs the relatlve performance of tach 

altemahve m rclatron to each specrfic cvaiumon cntena excludmg the two m w m g  cntem 
(state and BPA acapmce and commumty accqtancc) The cornparatwe analysu IS summanzed 

m Table 4-1 

4 3 1  4 

AU of the seven zemeclal actton dternahves proposad m e t  lay ARARs at OU-1 Specrfically 

under tach altcmat~ve groundwater wm€d contmue to mect the MCL for PCE the m&cator 

OU 1 CMS/FS Report 
881 H h d e  h 
August 1994 

DRAPTFINAL 



chermcal at Woman Cnek Other contammnts appear m orders of maptude lower 

concentmoons (see Appendut B) All of the rem- acoon alternat~ves also sat~sfy the cntenon 

of overall protectton of human health and the envmnment by contlnulng to acbeve groundwater 

MCLs at Woman Creek for the COCs idenofred at OU 1 For all alternabves nsk levels for 

a receptor at Woman Creek would be less than 2x106 Alternabves 0 1 2 and 3 would each 
satlsfy the cntenon although they do not address the source area at IHSS 119 1 Treatment 

altematwes 4 5 6 and 7 would hkewlse satrsfy the cntenon although to a greater extent 

Altematwe 0 No Amon would result m the hlghest nsk of all the alternabves although a s  

trsk (2x109 IS strll withm the cstabhhcd protectrve Rsk range of 104 to lob idternatwe 1 

would not present any human health nsk because the cntm RFBTS site would be restncted 

under th~s sccnano thus elmnabng the potcntd for exposure Altcmmves 2 and 3 would have 

the next lowest nsk for a mxptor at the edge of the operable umt these two altmatwes mvolve 

the mntmucd aperasron of the axrstrng fmch dmn and extraction well and result 111 a nsk of 
4 76x1U9 at Woman Creek The four altcmat~ves that address the source at IHSS 119 1 
Altemabves 4,5,6, and 7, have sbghtly hgher risk levels because under these altemat~vm the 

fmch dram IS dacommrsslot#d as m n  as the mm IS mcdntcd, atlowmg low mccntrahons 
of contammar& to CoIltlWc rmgratlag away from OU 1 However these concentn&ons drop 

off rapidly after mmcdnt~cm IS complete and result 111 lower long term nsks to human receptors 
3 22x1~7 

To the extent that COCs would be removed and trcataj Alternat~ves 2 3 4 5 6 and 7 would 

all pmvidc some degrree of pennaaence However, ttre mrc~ tmatment alterna&vcs (4,5 6 

and 7) would be more dfactlve rn the long term Altcmabve 7 whch would m o v e  the source 
by excavabon would pmw& the most permanence because of the u n c e m t y  associated with 

the other alternatives abibty to cffcchvely m o v e  DNAPLs 

There would be no slgmfhnt ~hc~#~dt 111 potcntd nsks to the pubk under Altemat~ves 0 1 

2 3 4 5 or 6 Altemat~vc 7, however would lncr#lst the nsks to the pubk due to the 
poten tdy  COC-contammted dust that could become avborne dumg excavmon actrvioes and 
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off site transportahon of excavated sods 

There would be no sigmfkant nsks to on site workers under any of the alternames These nsks 

would be mlnunlzed through standard health and safety prachces Altemahves 5 6 and 7 

would have the most sigmficant mpacts on the envmnment due to m situ heatmg m m g  and 

excavahon all of whch are dwuphve to the subsurface 

Under this cntenon the altemahves are ranked as follows 

Barnk A u  
1 2 3  
2 7 
3 4 5 6  
4 0 1  

4 3 2 -with -or g 

AU altemahves would comply with the chemcal specfic actton specfic and loamon specfic 

ARARs identrfied for OU 1 Complrance with the amon specfic ARARs s p e c f i d y  state 

RCRA regulahons depends on CDPHE deugnatmg the OU 1 area a CAMU under Subpart S 

of the hazardous waste management regulabons (6 CCR 1007 3 264 552) The closure post 

closure and groundwater momtomg requvements would be specfied m the designahon 

accordrng to the selected a l m v e  Remednted waste rncludmg groundwater and sod 

contammted with hazardous waste constments is allowed to be left m place at the tune of 
closure of the umt under the CAMU rule, providmg certam pmwions of the regulahons are 

comphed with and a -on IS made that m talang such actton there would not be nsks 

to human health or the envmnment Srnce all the altemat~ves meet the MCLs at Woman Creek 

other dflerences m comphce with the ARARS are presented There are possibly two 

dflerences m how some of the alternatlves comply with the CAMU rule the State Non game 

Endangered or Threatened Spec= Conservmon Act and DOE regulahons on comphce with 

wetlands pmtmon 
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Under t h s  cntemm the altemat~ves am ranked as follows 

Bilnk w 
1 4 5,6 7 
2 2 3  
3 0 1  

4 3 4  -0fT-V- 

Altemat~ves 0 and 1 whch would not contmue to operate the h c h  dram or remedate the 

source would not reduce either toxmty mobhty or volume of contammnts through tteatment 

Altematwe 2 and 3 would nduce the volume of contauunants and prevent rmgratton of 

contammants away from the operable umt by contmumg to operate the ewsttng french draur and 
extracuon well These altemat~vcs would also reduce tomcity by tmtmg extracted groundwater 

with through the exmng Uvlperodion exchange process (Buddmg 891 water treatmeat 

SY*@ 

Altembves 4 5 6 and 7 would reduce the tomcity mobhty and volume of contammints 
further and more q i d l y  than the no -on and mstatut~onal control altcmat~vcs because they 

would t m t  the source area at IHSS 119 1 Altemat~ve 5 enhancad SVE would reduce volume 

and mobhty more effect~vcly than Altmatwe 4, S V E  without subsurfbee heatmg Alternaove 

6 hot au m j a o n  and mcch811lc(LJ. rmxmg, would reduce toaity, mobhty, and volume more 
effectwely than Altmatwe 5 and Alteroatwe 7 excamon would stdl more dfectlvely reduce 

contarmnant tomaty, mobhty, and volume 

Under ths cntenou the altemat~vcs afe ranked as follows 

Ball& 
1 4 5 6 7  
2 2 3  
3 0 1  

OU 1 CMS/FS Report 
881 Hdlaide Area 
August 1994 

DRAFI' FINAL 



Altematwe 0 whch would mclude only groundwater monrtonng would not create any short 

term nsks for the local communrty or the envvonment -wise Altematwe 1 whrch only 
mcludes mst~tut~onal contmls m a h o n  to mmtonng would not cmte any short term nsks 

Altematwes 2 and 3 whrch would contmue to operate the extstrng h n c h  dram and extrachon 

well would not create any add~t~onal nsks to the communrty or the envmment as compared 

to the exmng cond~bons at OU 1 

Altemat~ves 4 5 6 and 7, whch would malute the source area at IHSS 119 1 would not 

create any si@icant potentd for nsk to the local commumty with the exccpttoLl of Altematwe 
7 whch may generate dust dunng excavatxm due to the large quant~taes of sod to be moved 

Under Altematwe 7 thcre would also be & $ssoc18tcd with transporting the large quanobes 
of excavated sods off site Each of the source m a o n  altcmat~ves would p-nt potentd 

nsks to workers dunng co118tNctloII and operatton however, these nsks would be mlnrmlzBd 
thtMlgh standard health and safety practices Altername 4 would have mmor mpacts on the 
enwonmmt Altcrnat~ves 5 and 6 would have sigd'icant shomcrm mpacts on the mwonment 

due to subsurface heattog whch may have adverse dfccts on biota In ackhQon Alte-ve 6 

would thoroughly r m ~  the sod, mcreasmg the npact on the subsurface cnmmcnt Altematwe 

7 would also have u@cant unpacts on the enmmment because a large volume of sod would 

completely removed 

Under this cntenon, the altmat~ves are ranked as follows 

Bpllb A U  
1 0 1,2 
2 3 
3 4 5 6  
4 7 
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4 3 6  

Alternatwe 0 would be the most d d y  implementable dtcrnahve because it requires only 

groundwater momtonng Altcmatwe 1 would requm insbtubonal controls over the enbre 

WETS site such as deslgnatmg the site a wrldbfe refuge and ttus could present some 
admmstratwe problems although it effectwely represents current condibons Altematwes 2 and 

3 the other mst~tut~onal controls altemat~ves, would be readily implementable as compared to 

Altematwe 1 and the other treatment altmat~ves 

Alternabves 4 and 5 would also be readdy implementable wth no sigmficant techmcal or 

admmstmbve Qfficulbes anbupatcd However Altcnratlve 6 may be difficult to implement 

because of the mstabhty of the subsurfaa sods wthm the treatment zone Altunatwe 7 whch 

would reqm large quanhtm of sod stockpded and treated on SI&, and then transported off site 
for ulbmate &sposal would also be more difficult to implement 

Under t h ~ s  mtcnon, the altmahves ate ranked as follows 

Bank w 
1 2 
2 0 1  
3 3 
4 4,596 
5 7 

Figure 4-4 presents a cornpanson of the costs for the seven remcchal altcmat~vcs Alternatwes 

0 and 1 are the least costly altemat~ves because they mvolve only the conhnuaaon of 
groundwater morutomg Altcmahvcs 2 and 3 are stgnificantly more costly than the other 

alunraaves mcludmg the source treatment altemat~ves (4 5 6 and 7) due to the cost of 
operatmg the Buddmg 891 water treatment system for 30 years Of the four source treatment 

altma~ves Altematwe 7 has the hghest cost due to the need to treat the excavated sods to 
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CostElemnt 
Capltal 

S180000 

$16000000 

S1400000 

$ I  O o O 0 0  

S l O O o O 0 0  

$8000000 

$600000  

s400000 

s 00000  

so 

Alt 0 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 
$19700 $154700 $149600 $305000 $929300 $1 845700 $1 354400 

0 Post Closun 

Post Closure $1 740 400 $1 740 400 $1 740 400 $1 740 400 $1 853 800 I $1 811 700 $1 789 100 $1 767 600 
Total Cost $1 895 100 $1 89s 100 $17 493 300 $17 648 700 $8 141 800 I $7 503 100 $5 030 800 $13 093 700 

I 

l o w  I Sol  $0 I $15 603 300 I $15 603 300 I $5 358 700 I $3 845 700 I $1 887 300 

Alt 7 
$11 326 100 

Figure 4 4 Summary of Remedial Action Alternative Costs 



meet Land Dsposal Restnctton treatment standards and dispose of them at an off site hazardous 
waste landfill 

Under th~s cntmon, the altunat~ves are ranked as follows 

Bank w 
1 0 1  
2 6 
3 495 
4 7 
5 293 

Based on the results of the eompatgtlvc analysls of altemat~ves, Alternative 1 Instftutional 
Controls without the Fremcb Drain is selected as the p r c f d  remedud actron alternatrve for 

OU-1 l?us alternatrve IS nitended to mmrmzc the nsk fram umtarmnatcd groundwater m OU 1 

by restnctmg acces to any wells unpacsed by OU-1 contammnts, and by eslmmatmg the 
possbhty of brrrldmg amtrucbm above artas known to be contarmnated wth VOCs Th~s 
altematve would be impkmca@d by mmntamng the Curr#lt mstrtutlonal controls present at the 
RFETS to at a -mum the Woman Crak h q e  

4 4 1  

This altmatwe assumes that the uustmg fnnch dnun system would not be act~vely pumped but 

mstcad would be mamtamcd and momtored as a mtqency, M cagt groundwater contarmnant 

concentrabons begm exccedmg @cted values If h s  occurs, water oollected UI the french 

dram sumps woptd bo pumped to the Buddmg 891 water treatment system The altcrnatlve cost 

estlmate mcludes decomrmsslolllng the dram because it is assumed that at some pcnnt the dram 

wdl no longer be q d  

Groundwater momtcmng would be requmxl for this alternative to &termme whar inshtutlonal 
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controls could be d~scontmcd Once acccpt8ble groundwater contaminant concentrahons arc 

acheved through natural degmda&on and dispersion of umtamrnants the area would be released 
from mmtutmal controls Groundwater monitonng would take place for as long as required 

to meet tlus cntenon It is assumed that ax momtonng Wnts would be suffiacnt under this 
altcmatwe For cost esbmatmg purposes it is assumed that four new wells would be mstalled 
one deep and shallow well cluster downgradient of IHSS 119 1 and posslbly two addibonal 

wells upgradient of Woman Cmck Samples would also be collected from the knch d m  sump 

and from the extstmg recovery well Samples would be analyzed for orgmc and morganic 

contamtnants and would be collected sermannually Analysis of mdiwdual species of morgantc 
contammnts is also suggested, to idenbfy mkwdual m d  species which have the potentml to 

bioaccumulatc 'llus adthtmal analyas rcqummcnt should only be applied OCCaSlOtl8Uy in the 

samphng program PQLs for analyas of these samples would be cstabhshed to meet CDPHE 
cntma 

4 4 2  -of- 

Thrs altcmalwe would be -% of human health a33ummg that the msbtutmnal controls are 

properly implemented and that the ate IS not abandoned dunng the mmtutmd control penod 

The nsk to human rcqtors u 1 99x10" at Woman Creek Ruks from surface sods at OU 1 

are unttun the acceptable nsk range of lp to lob Likewise cnvlronmental receptors would 

be protected because there is no cwrent or future nsk ident&d from groundwater COCs for 
these receptors "hue are no potcatd short term nsks to the public or to on-ate workers 
idenhfied through implemantahon of ~s altcmabve 

Under thls alternottn the h c h  dram would not be used to acbvely remedtate contarnmated 

groundwater, hawover conantratrons of contarmnants UI downgradient groundwater would 

gradually be &ucd over tune due to natural physlcal and chemcal pioasses, such as 

dispersion volathzatm and bmdqradatm Because these arc natural praasses they are 

essentrally vreversrble and would effacbvely reduce the toxtaty mobdxty and volume of 

contamrnants pcrimanently 
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"us dtenratlve is the most implementable of dl dbernabves idenQficd because rt u b l m  the 

emsbng controls present at the RFETS Costs assoclatcd wth th~s altcmatwe are srrmlar to the 

no acbon altcmaove, and arc lower than all other altcmattves 

Key ARARs would be met under th~s altcmat~ve The results of groundwater mommnng and 

modehg mdrcak that groundwater at Woman Creek currently does not exceed MCLs Modeled 

contarmnant conccntrahons projected 400 years from 1969 also lndicatc that there wdl be no 
exceedance of MCLs at Woman Creek W r h n  the 4OO-year p o d  Groundwater modelrng 

results demonstrate that the hlghest conccntxat~on of PCE (the mdxator COC) dunng the 400- 

year pen& is 3 60 x lol mg/t under th~s altrmahve Other COCs in OU-1 result m 
slgnrficantly lower conantrattons at Woman Creek (sa Appu~d~x B) These results arc 

consrdemd extremely conscrvat~ve due to the assumptms used to develop the model The 
model assumes an rnfhtto source of contamtlu~tton and does not account for volatdmtion of 

contanunants, a potenbauy Jtgtuficant loss mcchamsm Append= B d u b  detarls concerning 

the groundwater model 

Altcrnat~ve 1 wdl meet substantwe req-ts of the State RCRA program pssummg CDPHE 
staff designates the OU-1 area as a CAMU under the n a n t l y  adopted Subpwt S pmslons  (6 
CCR IO07 3 Part 264, WOIl552) The CDPHE IS r a q w x S d  tO WrInInC that the UNt WIU 

fdtatc implementatmn of a rclutble, effcct~ve, proaectrve, and cost-cff&cbve remedy In 
ad&hm CDPHE can require closure, post-closum and any groundwater mmtonng dctummed 

ncccSSary to detect dmchon and movcmcnt of hazardous const~tucnts T ~ I S  report prowdm 

documentation to meet CAMU raqwxSmments and to suggest an appropnatc monttonng program 

The final CADROD document WIU maxpmtc pubhc oornments and wdl prow& all necessary 

documentation mqumd by the CAMU rule regardrng p b h c  p't~apat~m 

In summary AltematIve 1 IS protective of human health and the envffonment at rmnrmal 
addibonal expense The altemabve wdl comply wth identified ARARs and wdl be effecttve 

in reducrng contarmnant concmtrations through natud pmccsscs The altcmat~ve pnwrdes for 

natural attenuahon unth mrtlltnal additional impacts Due to the ltmted awulabhty of 

OU 1 CMS/FS Report 
881 Hillude Area 
Augurt 1994 

DRAFrRNAL 

4 82 



groundwater rn the saturated zone beneath OU 1 tlus altername presents the most cost-effectwe 
and pramcal rernedmtm idternatwe for OU 1 groundwater 
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APPENDIX A 

l " A L  SCREENING AND EVALUATION OF TEC"0LQGXES AND PROCESS 
OvlloNS 



A 1 0  IN"RODUC"'I0N 

The purpose of thls append= is to summarue the mtd screemng and evaluabon of technologies 

and process opbons for the I2FETS OU 1 CMSIFS "his s c m m g  and waluabon was 

presented in dew m Technrcal Memorandum #I1 Development and Screerdng of Remedial 
Acnon Alternanves 881 Hills& Area (OU I )  (Apnl 1994) The screenmg and evaluabon 

matnces for the groundwater medlum are presented 

Ad&bonally although radronuchde contammabon m surface sods has been mcluded wfhlll the 

scope of the OU 2 CMS/FS, technology idenbficabm and screetmg of remedlat technologies 

were performed pnor to the detmnmabon to mclude OU 1 s u d b  sod mhonuchdes m the 
larger OU 2 contammation plume Work completed to date on idenbficabon scnentng and 

evaluabon of technolog~ts apprapnate for contaminants idenbfied m OU 1 surface sods is also 

presented through the attached figures 
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B10 I"RODUUCTI0N 

Append= B presents the results of a subsurface solute transport model of the OU 1 site The 
purpose of the model is to prowde a basis for residual nsk calculatrons and desrgn calculat~ons 

for the f m b h t y  study In th~s SecQon the followng topics am discussed the hydrogeological 

conceptual model of the ate the framework of the comspondmg numencal model the results 

and predictrons of the model, and a qualitatwe &scusaon of model uncertamty Tables and 

F'igures are included in the back of this appendix, a b r  references 

B.2 0 EYDROG~IDGICAL CONCEPTUAL MODEL, 

The conceptual model of OU 1 is a dcscnptron of the pnmary processes that control the 

movement of solutes m the subsurface Such processes include groundwater flow rates and 

duectrons, solute release rates and Qming recharge and discharge rata dispersion degradabon 

rates andadsorptron 

The groundwater flow system beneath the hdlside at OU 1 is described m d c W  m the Phase III 
RFWN (DOE 1994) The dcsmpticm h u e  1s hmted to features mcoqorated mto the flow and 

transport model of the ate, and is further hmited to the area of IHSS 119 1 IHSS 119 1 is 
where most of the observed amtammatron at the ate is located 

Groundwater flow beneath the Mla& occurs m shallow colluvlat, alluvial and bedrock units 
Most of the flow is concentrated m the colluwum and alluwum (DOE 1994) Groundwater flow 

tends to be focwsed m areas where colluvlum is hckest, these areas generally cornspond to 

surface-water dramage features Such correspondence is likely due to deeper weathcnng of 
bedrock beneath surfkc channels One such surface channel feature extends upslope mto IHSS 

119 1 wth a c m w p o n h g  th~clcer sectron of colluvium It is  along thrs subsurface feature that 

most of the groundwater flow m the w m t y  of IHSS 119 1 occurs (Figures 3-23 and 3 24 of 
the Phase III WRI) Thcrcfm groundwater flow is generally channdmd along surface water 

fe!am 
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Recharge and discharge probably vary dunng the year at the hillslde However over long 

penods of ttme an average rate of recharge or discharge is applicable Recharge to the hllside 

flow system is assumed to occur as subsurface flow from the Rocky Flats alluvium and from 

bedrock beneath the Rock Flats alluwum No site specific measurements of recharge or 

discharge on the Wude are avadable Discharge at the surface along the hillside is assumed 

to occur most of the bme due to low preapitatton rates runoff due to topography pamally 

saturated conditlons (wth comsponding smaller relatlve water permeabd~tes) the small 

permeabdity of the colluvtum and alluvtum (both of which are denved from the claystone and 

sdtstone of the bedrock) and frozen ground dunng wnter months Dlscharge is also assumed 

to occur as flow mto Woman Creek as observed by Fedm et al (1993a and 1993b) and as 

mdicated by hydruahc gradients dvected toward the creek 

The pnmary source of mtamxnants is located m the subsurface beneath IHSS 119 1 Dunng 

the 1960s and 709 drums of solvents were stored m IHSS 119 1 (DOE 1994) Releases from 
the drums have resulted m a -dual DNAPL phase m the subsurface around Well 4387 The 

residual DNAPL phase has not been diractly observed, but IS mdtcatad by hgh concentrabons 
of chlorinated solvents lrke PCE m groundwater The sfart of release to groundwater is not 
precisely known but is assumed to be 1970 The release mechamsm to groundwater IS 

dmoluhon of the mudual (immobde) DNAPL phase 

The transport of contarmnants in groundwater is controlled pnmanly by groundwater flow 

direcoons and rates Other processes that affect mntamlnant movement and mobdIty are 

dispersion degradatlon adsoqt~on and volat~lmtlon from groundwater to sod gas Of these 
volattluatron is not mcluded m the model Dispersron is simulated uslng dispcrsivity, 

groundwater flow veloclty and molecular diffusion Degradabon rates and soeon  propert~es 

for solutes are discussed and reported the Phase ID RFWRI 
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B 3 0  MODELFRAMEWORK 

The computer simulabon code TARGET-2DU (Dames & Moore 1985) was used to simulate 

contarmnant transport m the subsurface TARGET-2DU is a vertmlly onented two- 
dimensional fate difference model that can simulate vanably saturated condibons 

Because the model is two &menaonal it cannot simulate dispersion (spreading) transverse 
erpendicular) to the model secbon Therefore dispersion M the plane of the model will be 

over predicted parallel and transverse to groundwater flow Consequently the model is more 
conservabve (over prcd~cts concentranon and travel @me) because it does not account for 
spreading of contarnurants m transverse to the model plane 

Another conservabve aspect of the TARGET-2DU is  that the mass adsorbed on soil is not 

decayed As consbtuents desorb the concentrabon on sot1 decreases but remams undecayed 

The result is a source M the model that decreases but at a rate slower than if decay were 
calculated for con-ts on sod Consequently the ConcentraQon of contarmnants that desorb 

mto water is iugher than for the case m wiuch decay on sod wcrc calculated For contaminants 
wth halfives that are short rclabve to the groundwater transport bme the degree of over 
predimon is sigmficant and is conservatrve 

The model gnd is 2% (honzontal) by 170 (verhcal) cells (Figwe El) vvlth approximately 

25 OOO actwe cells The gnd was desgned to capture detmls of the bedrock/colluwum interface 
and topography, to accurately simulate the vadose zone and to rrrrmmze errors caused by 

numencal dispersion The locatton of the sccbon of the model is shown in Figures E 2  and B-3, 
and corresponds to the trend of th~cCer colluwum which passes through IHSS 119 1 

Two cntena are used to ensure =mal numencal dispersion the Peclet number and the 

Courant number The gnd Met number is the rabo of gnd spacmg (length of a cell side) to 

dispersiwty To mirumlze numcncal dispersion the Peclet number should be less than or equal 

to one For th~s model dispcmwty is much larger than cell lengths, so the peclct number is 
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much smaller than one The gnd courant number is the rabo of bme step interval to 

groundwater travel bme across a cell Simdar to the Peclet number the Courant number should 

be less than or equal to one Because gradients and hydrauhc conductivibes are small and 

because decay rates of the COCs are short the Courant number for this model is much smaller 

than one 

The distnbubon of boundary condibons and matenal types are shown in Figure B-4 Fkoperhes 
assocnted wth each of the matenal types and degradabon rates and adsorphon distnbuhon 

coefficients for the contarmnants of mterest are hsted in Table B-1 The list of contamrnants is 
presented and discussed m h b o n  2 0 

Each material type is assumed to be homogeneous where specified Therefore heterogeneity 

m the model is hrmted to three zones colluvium alluwum and bedrock Fractures m the 

colluvium resultmg from mass movement of the colluwum down the hill are assumed to be 

healed so that fractures do not prowde preferenhal flowpaths This is jusbfied because the mass 
movement is generally dct (probably occurred dunng the Plastocene) thus hang  had 

considerable ttme to heal and b u s e  the colluvial mated bung residuum bedrock is easily 

deformed so that voids cannot r e m  open over long p o d s  of bme 

For the french dram a constant hdpressure cell was set at the bottom of the dram to simulate 

flow to the dram (elevabon of the constant head is 5876 2 ft) The extracbon well was simulated 

in the same manner but wth an elevation of 5910 2 €t (see Figure B-5) These elevabons are 
shghtly above the interface between bedrock and colluwum mated Thls was done based on 

the assumphon that the French D m  and extracbon well could not draw the water table all the 

way down to the rnterfacc (othmse the saturated thickness approaches zero and flow decreases 
to zero) SimulaQons umg the French D m  and extracbon well are discussed m deal in 

followmg scctrons 

The bottom of the model was select to be somewhat lower than the elevabon of Woman Creek 

which is consldered to be the ulbmate slnlr for groundwater flowmg down the hdlside Because 

B-4 



flow rates III the bedrock are much lower than those in the colluvium the model is less sensitwe 
to the locatron of this boundary 

The contarmnant source was slmulated uslng a constant concentrabon boundary conditron based 

on the assumpbon that slow dissolubon of resdual DNAPL is the source of contaminabon in 

groundwater The source cell is located at the mterface between bedrock and colluwum mated 
in the model, m the area where high concentrabons of contamlnants in groundwater have been 

observed (Figure B 5) 

B40 CALIBRATION 

The model was cahbratcd to steady state average con&bons as observed pnor to the installahon 
of the French D m  For cahbrabon targets obstrved groundwater levels for wells 4387 0487 

4787 and 5587 wcre compiled and averaged (Table B 2) For the purposes of compuhng target 
water levels dry (no measurable water) condmons wcre excluded from the average The results 
of the cahbratcd flow model are shown m Figure B 6 wth pomt compansons to average 
observed w a w  levels (results of the flow and transport simulabons are discussed tn more dew 

m sccbon B 5 0) To acheve cahbrabon a net areat discharge of 2 96 m/yr from the water 
table was used as &scussed m Secbon B 2 0 

The flow mass balance prowdcs a measure of how well the model is converged Discrepancies 
M the mass balance should be smaller than about 5% especially for groundwater flow othewse 
errors m the flow domaur may adversely affect subsequent transport amulabons For the OU 1 

model the percent discrepancy between simulated mflows and outflows for w o u s  bmes is 
(apprommate values) 1 87% for steady-state flow 2 3% at the end of 23 years and 1 38% 

0 18% and 5 31% at the end of the three predictwe slmulabons respcctlvely (see Smon 

B 7 0) Convergence of the modcl was good exhibibng monomc behamor 

After dbratmg the steady state flow transient transport amulabons wcre done for each 
contamant Transport simulahons started wth the steady state flow field conbnued for 20 
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years then mcorporatcd the French D m  and extracbon well as shown in Figure B 7 Each 

transport slmulahon was cahbratcd in a manner similar to that for the flow d b r a h o n  Figures 

B 8 through B-17 show breakthrough curves for each of the contaminants wth average upper 

bound and lower bound observed concentrabons Data used to compute average minimum and 

maximum concentrabons are hsted m Table B 3  Calibrated source concentrahons are 

6 41 mg/C for 1 1 DCE 9 63 mglt for PCE 0 64 mglC for CCl, 16 mglQ for 1 1 1 TCA and 

160 mglC for selentum 

As wth flow, the contarmnant mass balance prowdes a measure of how well the model is 
converged Discrepancies m the mass balance should be smaller than about 10% For the OU 1 

model and PCE, the percent discrepancy between the simulated mass M place, and mass mflux 

and outflux for PCE at vanous hmes is  (appronmatc values) 2 5% at the end of 23 years and 

-4 51% 5 76% and 10 09% at the end of the three predicbve simulahons respectrvely (see 

Secbon B 7 0) Convergence of the model is good exhibitmg monotoruc behawor 

B J O  RESULTS 

From the cahbrated steady state flow slmulabon (Figure B-6) groundwater rates and dlrecbons 

can be obtamcd Figure B-18 shows the effects of the French Dram and extrachon well on 
groundwater flow The French Dram and extractmn well both draw down the water table with 

drawdown cones that extend upgrsldiemt mto IHSS 119 1 As expected the drawdown cones are 

asymmetncal due to the slope of the Ml The simulated water levels correspond well with 

observed low water table Umdltlons 

Results of transport slmulatms for PCE are discussed m dchul Results of slmulahons for other 

contarmnants are not shown because the chemicals tend to behave sirmlarly The PCE plume 

after 22 years @re-Fmch Dram) and at 23 and 24 years is shown M Figures B-19 B-20 and 

B-21 The plume moves down @ent slowly and also penetrates into the bedrock a small 

distance The majonty of movement is M the colluvium due to hgher groundwater flow rates 
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Some migrabon in the vadose zone is also nmulatd comsponding to dispersion in soil 

moisture 

After 24 years the French Dram and extracbon well have a shght effect on the plume (Figures 

B 20 and B-21) The extracbon well pulls the plume back toward IHSS 119 1 and the French 

Dmn captures the plume trapped between it and the extracbon well 

B60 UNCERTAINTY 

Th~s secbon is a quahtauve Qscussion of unccrtamtm 8ssoc1LLted wth the model In general 

uncertaurues can be Qwded mto two types The first type results from an incomplete knowledge 

of the system or proce~sos A real system can often be too complex or lack the necessary 

informabon to be completely understood or modeled wtthout malang slmpllfymg assumpbons 

Parts of the system or pnxxsses may also be ormttd because they are thought to be less 

important than others The sccond type of uncatamty relates to the values assigned to model 

mput parameters used to describe the system or proctsses In reality mput parameters are not 

smgle values but vary over a range of possible values 

Table B-4 lists speafic model assumptms or uncertatnty factors @arameters) that could 

contnbute to vanauons m model predimons The second column of the table gwes the source 
of the uncertaurty "Not amulated means a particular transport or transformabon process was 

not considered m the modelrng Measurement Error mdicatcs that there could be some 
unknown, unmeasured vanabhty or hetcrogcnaty m the comspondmg property Not 

measured mQcatcs that the parameter has not been measured under slte-speafic condibons 

either M the field or m the laboratory In the third column, "Incomct Flows" mdicatcs that a 
different flow could result by a correspondmg change in the parameter or assumpbon The 

fourth column llsts the relauve degree of unctrtatnty 
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Table B-4 
Model Assumptions and Uncertainty Factors 

Model rrssumptaon or 
uncertruntv fpctor 

Porous msdia 

steady state flow Tnnsleat flow IS not 
slmul.ted for dlbratlon 

Volatrlrzrtion Not p~mulated 

T m g  of release N0twsU)arOwn 

Nature of release plucamm&thrn 
dissoluhon are not 
d e d  

Sorption Llncu sorption 

I 
Natural 
recbaroe/discharge rates 

I 
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Probable &ect on modd 
mdts 

Incorrect spatld Qstnbutlon 
ofconculmons and 
Incorrect flows 

Relat~n degree of m n t y  

Low Model adequately matches 
geaeral trrade ~ 1 1  the hormntal 
behavlor of the observed plume 
Model IS co1IlwN.tlve due to 
over predicat~oa of lateral 
spdw 

Low Although slip eubsurfpce 
failure plrnsr have beea mapped 
(DOE 1994) It is  ltlrely that such 
potcnrtrrrl pathways have healed 
and am w lonm Dermuble 

Low ”he pnnrvy bydroplogic 
layers that transport are 
well Chnctenmd 

Low Modelisgenerally 
conservative 

Low Orgmc cubon content of 
mbsurha urd surfscc mrtenals 
I8 low 
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Table B-4 
(Continued) 

Model asmrpbon or Cause of uncatPlnty or Probable deet on model 
uncertarnty factor mMkl aror results RelPtrve degree of unccrtrunty 

Decay and trnnsfomntmn Muitmmponsat tMspoit Incorrect spnt~d distnbutron Low Model IS consematrve 
notnmuWed nomte- of contpmlnlnts 
spectfic dat8 

POrOSlty M-tsrror IncorrsctsptuIdrstnbutton Low Measu-terror 

Diffusion cafficisat Not mmsumd Iacorrect sprtld distnbutmn Low Error is d and model IS 

of coa!amlMIlts mlatlvely small 

of contpmrrrrrnts lnsezlsltlve b this DMmdtl 

Dispersrvrty Inconact sptId distnbutrm Moderate Parameter is bnsed on 
of contunmats scaleofsite tbsurast.ndud 

PSnrmptlOn 

be IIIlWllllitrve to source m 
suc of m u m  Not msuursd Incorrect sp8t1.l distnbutmn Low Mods1 has been shown to 

of coatpmlnlnb 
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The combinahon of parameters used in the model is not considered to be unique Other 
combinabons of the parameters may yleld a si& result However the parameter values used 

generally he within observed and accepted ranges and therefore the model is considered 
representatwe of site condihons However the model is conservabve in that it does not account 
for volathabon of PCE DCE TCA and CCI, and it generally over predicts concentrabons 
at Well 0487 For these reasons the model is considered to be highly consemahve 

B70 PREDICTIONS 

For predicbons m which the source is not remedated the source is assumed to be large enough 
to provide an m f k t e  supply of groundwater contaminabon Therefore in such simulabons the 
source concentratmn is held constant throughout the simulabons For predicatwe amulabons 
m whch the source is remedated, the concentrabons in a 200 foot long area of colluvium 
around IHSS 119 1 are set to the appropnak water quality standard 

Under these altematrves (0 1) French D a n  and ex-on w d  are removed but the source is 
not remedated Transport slmulatlons W n n i n g  from 1994 and WnMuing through 2024 were 

done for each of the contammants of mtercst Figure B 22 shows the predicted PCE plume m 
1998 Under th~s scenario, the plume conmues to grow wth ttme because the source r e m s  
m place promdmg a constant source of dssolved PCE In addbon deorption begins to 
provide an undccayed source whch results rn consmabvdy tugh predicted comntrabons 

Figures B-23 through B-32 show the vanabon of concentrabon wth bme at the French Dmn 

and Woman Creek These curves are typically called breakthrough curves At the French 
D m  the installabon of the dram and extrachon well cause a dip in concentratlons After the 

dram and well are removed concentrations begm to rccover and mcrease due to a contrnlung 

source and to desoxpbon At Woman Creek similar results are obtamed however due to the 

longer travel &stance and bme the features of the breakthrough curves are mort subdued Peak 
concentraQons are simulated for PCE and DCE 

B 10 



B 7 2 -aI C-1 w v e s  With the F- 

Under these altemabves (2, 3) the h c h  dmn and extrachon well remun in operabon in the 

future No remednbon of the source takes place under this scenano Transport slmulahons 

begmmng from 1994 and continuing through 2024 were done for each of the contaminants of 

mterest Figure B-33 shows the predicted PCE plume in 1998 Under this scenano the plume 

is drawn to and captured by the extracbon well and h c h  dratn In addihon desoxpbon begins 

to provide an undecayed sourcu which results in consmatwely high predicted ooncentrabons 

Figures B-34 through B-43 show the vanabon of conmtrahon wth bme at the fiench dmn and 

Woman Creek At the h c h  dmn the installabon of the dmn and extracbon well cause a dip 

m concentrabons With the dratn and well in place concentrabons peak for shorter halflife 

COCs Desorphon stdl promdcs a decreasing but undccaycd source At Woman Creek 
n d a r  results are obtaured, however due to the longer travel distance and bme, the features 

of the brcakthmugh CUNCS are more subdued Peak concentrahons are simulated for PCE and 

DCE 

B73 

Under these dtcmatives (4,5 6,7) the french dram and extraction well are removed, and the 

source is remedmtcd Transport mmulabons beguuung from 1994 and conmuing through 2024 

were done for each of the contamtnants of mterest For these nmulabons where the source is 

r e m h t e d  a 200 foot long stnp of colluvrum assumed to be cleaned up to the appropmte water 
quahty standard (see Table 2 1) Figure B-44 shows the predicted PCE plume in 1998 Under 

thls scenano the plume that mmams in place after the source is removed conbnues to move 

down gradient wth bme In ad&bon dcsorpbon begms to provrde an undecaycd source, which 

results in consembvely high predicted COnCentrahOnS 

Figures B-45 through B-54 show the vanabon of concantrabon wth bme at the source french 
dram and Woman Creek At the fmch dram, the installabon of the dram and extrachon well 
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cause a dip in concentrations The breakthrough curves exhibit behavior that is a combinahon 

of the other sets of alternatives concentrations nse bnefly after the dram and well are removed 

but rapidly decrease due to source remedtation Desorption still provides a decreasing but 

undecayed source At Woman Creek sirmlar results are obtatned however due to the longer 

travel distance and hme the features of the breakthrough curves are more subdued Peak 

concentrations are simulated for PCE and DCE 

B80 SUMMARY 

A groundwater flow and contamrnant transport model has been developed and Cattbrated for 

OU 1 The model was used to simulate and predict contaminant movement from IHSS 119 1 

to the french d m  and Woman Creek 

The model is considered to be conservative for the followng reasons 

The model is two dimensronal therefom dispersion (spreadmg) m lateral to the 
plane of the model is not nmulated This causes over pdction of 
concentrations 

0 The model does not account for decay of contarmnants adsorbed to soil 
desorption occurs then concentrations are conservatively over pmhcted 

If 

The model dots not account for volatlluahon of orgamc contarmnants It is 
Uely that vohtdnatton IS an important process because of hgh volathation 
rates for these chemcals (high Henry's constants) and because of the short 
distance from groundwater to landsurface 

The model prdcts lnmaslng concentratrons at locations llke Well 0487 and 4387 
where observed concentrations fluctuate around a generally constant average 
This most hkcly due to the way in whxh dcsorpbon is simulated and to ignonng 
the effects of volahhzation 

The model is calibrated to average slte conditions for flow and transport wrth adequate 

agreement between the model and observed conditions The model has good mass balance and 

exhlbits monotoruc convergence indicative of accurate calculattons 
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Three scenanos were simulated, each represenbng a set of altcmabves Predicted results for 
no acbon altermoves indicate that concentraoons at the frcnch dmn and at Woman Creek will 

increase to peak concentraoons hundreds of years in the future Predicted results for 
insbtubonal-controls and remedlal altcrnatrves indicate that cancentrabons at the hnch dram and 

at Woman Creek wdl mcrease shghtly then decrease with bme Peak concentrahons are also 

hundreds of years in the future 

The results of the model are used in charactemng nsk assocmtcd wth each of the altemabves 
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Table &la 
M d a  Speclflc Hydraulrc Parameters Used m all Contaxtunant 

Simulations 

Saturated moisture content 
Coeffment for Kr (psi) 

Coefficient for Kr @si) 

Coefficient for Kr (psi) 

Mmmum Kr (psi) 

0 35 036 0 45 

l/ft 0 83 0 0148 3 413 

0 41 044 1 93 

3 10 3 

0 1  0 1  0 1  
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Table B-lb 
Contammant-Specd'ic Modeling Parametem 

arbon tetrachloride 

It Selenium I 2 4  It 
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Table B-2a 
Measured Water Levels at Well 4387 

1 /3/9 1 
3/18/91 

II Date I Measured Water Level (It 1 It 

5917.3 
5917.0 

90 I 5916.6 

5/7/91 
511 319 1 

11/7/90 5917.7 II 

5917.2 
5917.2 

IC 11/13/90 I 5917.7 

7/5/9 1 
8/6/9 1 

5917.2 
5916.8 

I1 4/1/91 I 5916.6 U 

91519 1 

10/3/91 
5916.6 
5916 5 
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Table B-2a 
(Continued) 

Measured Water Level (ft ) 
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Table B-2b 
Measured Water Levels at Well 0487 

It Date I 
4/27/89 I 5900.5 

6/9/89 5902.0 
6/29/89 5901.7 

r 71 14/89 5900.6 

4/12/90 5905.7 
6/7/90 5904.1 

8/8/90 I 5901.6 

5/9/91 5899.8 
6/5/9 1 5901.1 
7/2/9 1 5900.5 

8/20/9 1 5898.8 
9/3/91 5898.4 

i 1 o m 1  5897 5 
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Table B-2b 
(Continued) 

1/3/92 5897 1 

Il 21 1 1/92 I 5897.2 1 
2/3/92 5897.2 1 

315192 
4/6/92 

5897.6 
5901.8 

I 7/ 1/92 I 5899.7 n 
5/6/92 

5/ 1 1/92 
6/ 1 I92 

10/1/92 5900.0 
10/2y92 5899.5 

1 1 1 /3/92 5899.2 

5901.8 
5901.7 
5901 -6 

1/20/93 5898.4 

3 

4/8/93 
5/ 14/93 

I 3/ 10/93 I 5898.0 1 
5898.2 

5901.4 
5901.6 

58% 6 U 
Average 5899 9 II 
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Table B-2c 
Measured Water Levels at Well 4787 

4/27/89 
51 19/89 
61 10/89 

Date 

5875.8 
5877.3 

Measured Water Level (Ft 1 

8/8/90 5875.1 

911 1/90 ” 
91 1 2/90 
loll190 

1 0 m 1  
1 1 1519 1 5875.0 

* lWJjy91 5876.4 - 

5/7/91 
6/5/91 5877.2 
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Table B-2c 
(Contmued) 

21 1 1/92 
3/5/92 5875.0 

6/16/93 I 5876.2 

5879 2 
It I1 

I Mllllmum 5875 0 

I Average 5876 2 II 
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Table B-2d 
Measured Water Levels at Well 5587 

Date I Measured Water Level (ft 1 I 
I 4/27/89 I 5850.7 II 

H 7/10/89 I 5850.7 II 

12/6/90 I 

c 1 Om9 1 I 5890.7 I 
11/14/91 I 
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Table B-2d 
(Cont mud) 

10/1/92 

10- 

II Date I H 

585 1 .O 
5851.1 

I 5850.6 

12I7m 
1/19/93 

3/5/92 I 5850.6 

5850.7 
5850.7 

6/16/93 
7/6/93 

Y 

5850.9 
5851 .O 

3/4/93 5850.6 
3/29/93 5850.7 

5/14/93 I 5850.9 

II Mllllmum 5850 6 II 
II 5851 3 II 
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Table B-3a 
Measured Concentrabons of VOCs at Well 4387 

Jua-071990 Cdu~um 82 53 140 5 u  

scpll1990 cdlunum 1400 E 2400 3200 E 400 E 

1500 B V 1400 V 3000 120 u v 
Me191991 Collum 2900 2900 5900 B 170 U 

May 15 1991 Cduwum 6OOO D J A 8 U K )  D V 15OOO D 5 u  

Aun151991 Col lum 5700 v V loo00 500 u v 
U ~ec-121991 I w m m  I uoo v l a000  D V I  11000 D I  100 u v 

Feb-18-1992 cdlwnaa 3200 JA 4300 D V 7400 D 5 u  v 
Jun-24-1992 CooUMIlll 1400 v 1400 V 2600 4 0 u  v 

Muarmun 6Ooo 8uIo 15000 500 

Mtlpnutm 61 38 110 5 

3000 4750 5750 153 



Table B-3b 
Measured Concentrations of VOCs at Well 0487 

V -  
R -  
B -  
E -  
JA - 
u -  
D -  
J -  
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C 5 7 Noncarcmogenic Intakes at Woman Creek French Dram and Extracbon Well 

C 5 8 Noncarcinogenic Intakes at Woman Creek Source Remedrabon Scenano 
Scenano 

C 6-1 Carcinogenic ksk at Woman Creek No Acbon Sccnano 
C 6-2 Carcmogac ask at Woman Creek French D m  and Extracbon Well 

small0 
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ACRONYMS 

11 DCE 

CERCLA 
CCL, 
CNS 

DOE 

EE 

FS 

HI 
HQ 

NOAEL 

ou1 

PCE 
PHE 

RAGS 
RCRA 
RfD 
RFETS 
RFYRI 

SFs 

vocs 

1 1 dichloroethene 

Comprehensive Environmental Response Compensahon and Liability Act 
carbon tetrachlonde 
central nervous system 

Department of Energy 

Ecological Evaluabon 

Feasiblllty Study 

hazard indices 
hazard quobent 

no observed adverse effect level 

OperableUmtNo 1 

t e ~ h l O r O c Q h t n C  
Pubhc Health Evaluabon 

fisk Assessment Gu~dance for Superfund 
Resource Conservahon and Recovery Act 
reference dose 
Rocky Flats Enwonmental Technology Site 
RCRA Fac~l~ty Investlgabon/Remedml InvesQgatm 

slope factors 

volatde organic compounds 
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C10 INTRODUCTION 

The Phase ID Resource Consewabon and Recovery Act (RCRA) Facllrty 

InvesbgatlodCornprehensive Envvonmental Response Compensabon and Liabfity Act 

(CERCLA) R e m d  Invesbgabon (RFURI) at Operable Umt No 1 (OU1) 881 Hdlside Area 
at the Rocky Flats Envvonmental Technology Site (RFETS) rncludes a Basehe Rsk Assessment 

(BRA) The BRA is compnsed of an Ecolog~cal Evaluahon (EE) and a Pubhc Health Evaluatron 

@HE) The results of the complete OU1 PHE are presented m Volume X Appendu F of the 

F d  Phase III RFYRI dated June 1994 (DOE 1994a) 

Thls nsk assessment performed for the OU1 Feasibhty Study (FS) is mtcndcd to calculate and 

document the human h d t h  risks assoc18tcd with OU1 assunung that spccfied remedal amons 
are m c o ~ ~ ~ m t e d  at the site Thns nsk assessment considered the dommabng carcmogemc nsks 

noncarcmogemc hazards aswmated contammmt pathways and rcceptofs detcmed m the 

PHE and calculated risk based on amtammant levels at the site due to tncoqomon of spd ied  

remedal amons 
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C3 0 CONTAMINANTS OF CONCERN 

The OU1 PHE (DOE 1994a) idenofied the future onsite adult resrdent receptor as havmg the 

highest potenhal nsk values for the contamrnants 1 l-dichloroethene (1 1 DCE) carbon 
tetrachlonde (CCL,) and tctrachloroethene (PCE) These nsks were calculated assuming 

adequate groundwater present and avarlable for receptor use The total nsk values in the PHE 
for 1 1 DCE CCL, and PCErespechvely arc 3 8E 2 2 5E 3 and 1 1E 3 wth thedommahng 

pathway bang mgcstm of groundwater for all thrce contaminants The c0ntamnunt.s with the 

thnc hghest calculated n o n m o g m c  hazard mdices (HI) rn the PHE for the same receptor 

assumng use of groundwater are also 1 1 DCE CCL, and PCE These three contammants also 

yielded the hghest HIS for the future onslte mdenbal child receptor and arc of the same order 

of magmtude as the adult Tcccptof The three most dominatmg pathways for these contaminants 
are mgestron of groundwater, urhalabon of volatdes and dermal contact wth groundwater 

These pathways axe all dnwn by groundwater contammabon and, therefore this nsk calculauon 
focuses on groundwater assoaated pathways only Groundwater modehng results are used to 
denve cuncentraQons of Contamuratron m groundwater at woman creek By companng inibal 

modeling results wth respecttve contarnurant specific prelimurary remedrabon goals (PRGs) for 
Rocky Flats (DOE 1994b) PCE was dcemed the most consmatwe contarmnant to use in h s  

nsk calculatm DeWd g.mundwater modelmg nsults (nfer to Appendix B) for PCE are used 

to calculate carcmogmc nsk and noncarcinogenic HIS 
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C 3 0 SCENARIOS AND PATHWAYS 

Although onsite residences are not consistent with future land use plans a hypothetd future 
onsite resident exposure scenario is evaluated m ths nsk assessment The futurc onsite resident 
is assumed to lrve w i h  the OU1 study area boundary at the woman creek locaoon To use the 
most consewatwe scenano for dmct mgeshon of groundwater one of the future onsite resident 
scenarios assume that an adequate well water supply emts 

A future onsite worker asglllllcd to be an office worker is also quautmovely evaluated m h s  

nsk assessment The setbng for the office worker 1s b l y  to have extensive paved areas and 
well mmtamed landscaping It 1s assumed that muntcrpal watcr would be supphed to the ofice 
buddmg and therefore the future office worker wdl not M y  access OU1 groundwater 

C 3 1  

Tius w o n  d ~ ~ ~ u s s e s  the patanttal release and transport of chermcals from OU1 and idenbfies 
exposure pathways by whrch the future onsite resident or future onsite office worker may 
potenWy be exposed to ate wntamnmts 

An exposure pathway describes a specific c n v m m f a l  pathway that can expose an mdlvidual 
to contammints that am onsite or ongmatc from a site An exposure pathway mcludes five 
elements that must be prescrnt for an exposure pathway to be complete 

sou~ofchelnlcals 
MechanWnofChcalRelease 
Bnvlronmental Transport M d u m  

HumanIntakeRoute 
~ s u r e p o l l l f  

An rncomplete pathway meam that no human exposure can occur An exposure pathway is 
consided to be potenWy complete and relevant If there are potentml chemcal release and 

transport mecbamsms and ~#xptors i d e n ~ e d  for that exposure pathway 
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An exposure mute is the pathway through whch a contarmnant enters or unpacts an orgamsm 
There are four basic human exposure routes 

dermal absoxpbon through contact with sod surface water or groundwater 
mhalatbon of volatrle orgamc compounds (VOCs) or &me parhculates 
mgemon of sod surface water or groundwater 
external uradlabon If ra&onucMes are present 

Chemcals that volatrltze from groundwater andor site sods and are released to mdwr a u  also 

represent a potentdly complete m u o n  pathway for the future onsite resident and office 
worker 

As documented m the PHE the pathways that dormnated the human h d t h  nsk are associated 
with groundwater commmatxm Therefon the pathways considered 111 thts nsk assessment 
w d  only consider groundwater Colltarmtllltfon associated with the potentml remedud acuons 
The following patagraphs describe the potentml exposure pathways 

Receptors that were quamtatmly evaluatad m the PHE were 

c u m t  offsite residents, 
future onsite residents, 
c u m t  onsite workers 
futureonslteworlrccrs and 
future onsltc ecologd researcher 

Of these potentad naptors only the futu= onsite residents and the future onsite workers could 
be si@icantly exposed to contammnts rn the groundwater Futun onsite midents could be 
exposed to dmct m-on of gn#mdwater dermal contact with groundwater and mhalatmn of 
volatdes that have -sed thnwgh the house foundauon and from mdoor use of groundwater 
such as showemg Future mite workers could be exposed to volatdcs that have -sed 

through the ofice buddmg foundaton Sum groundwater wdl not be used m an office buddmg 
no dmct exposure to groundwater 1s an~ipated for the future onsite worker These two 

receptors and potentd sccnanos are considered conservatwe mce neither receptor could be 
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exposed untd the RFETS has been released for umstncted use The r e m m g  receptors 
evaluated 111 the PHE do not have sigmfkant exposure to groundwater and therefore were not 
evaluated 111 thls nsk assessment 

C 3 1 1  Future- 

Contarmnants that volathze from site groundwater and = released to mdoor an through the 
house foundatron q m e n t  a potenWy complete -on pathway to future onsite residents 
Assummg that site groundwater IS used w i h  the household lnhalatron of VOCs from mdoor 
water use rep.nsents another potcntmlly complete urhafatron pathway -on of outdoor 
VOCs IS considend migdkmt  due to expected duped and ddutron of the VOCs 

Assummg that site groundwater wdl be used withm the htum onsite residentd household dvect 
mgestxon of groundwater contammon represents a potenWy complete pathway Future onsite 
residents also could physically cantact contammated grrnrndwater Therefom dennal absorptlon 
of contarmnants from contact with c o n e  groundwater represents a potentmlly complete 

Pathway 

1 

I 

I 
1 

The locatlon of the groundwater c o n m o n  for the future onsite resident IS assumed to be 
woman creek 

Sum! the dmxt usc of &muadwater IS not conuded cmhble for thts receptor the only 
remaumg exposure pathway IS v o m o n  of contammnts from site groundwater and release 
to mdoor au through the office bulldtog f-on The mhalmon pathway IS them potentdly 
complete for the futum omte office worker Synllar to the futum 01)sltt resident scemo the 
-on of outdoor VOCs IS cons&& urcomplcte due to expected dqxxsal and ddutron of 
the VOCs As with the future onsite nsident the locatam of the contamumon for the future 
onsite office worker IS assumed to be womau creek 
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C 4 0 EXPOSURE ASSESSMENT AND IN"- EQUATIONS 

Pathway spec& exposures or mtakes are quanMied through the use of make equabons 
exposure parameters and exposure concenmons Intake eqmons are pathway spec& whde 
exposure parameters and exposure concentmuons are scemo-specfic and pathway specfie 

Exposure concentrabons for thls m k  assessment have beem modeled usmg groundwater modehg 

techmques The genexabd intake eqmons assocmted with each pathway and the non chemcal 
specfic parameters that are used m the eqmons are presented m this seaon 

C 4 1  m n o f w a t t l :  

4~at10n 1 was used to calculate ducct mgemon or make of con- water The 
mgaon  rate was adjusted m accodance with the scanan0 

where 

cw= 
I R =  
E F =  
E D =  
BW = 
AT = 

C W X I R X R F X E D  
BW x AT Intake ( m r n d a y )  - 

Chemml amccntmtm m water (mg/htcr) 
Ingestloll rate (lltedday) 
Exposyre frequency (daydye=) 
Exposuze dumbon (years) 
M Y  wetght (Irg) 
Averagmg tune (period over whch exposure 1s averaged m days) 

The chemcal umcenmon rn water u a modeled value and the modelmg techmques are 
descnbed m the PHE (DOE 19%) Some pammeters vary between adult and c u d  receptors 
such as mgestm rates exposure dumons and body weights The adult and c u d  mgewon 
rates are 2 hters and 1 htcr per day mspechvely Exposure frequency for rcsidentd receptors 

is 350 daydyear The exposllrt durattons for adult and child rccqtms are 24 and 6 years 
respectrvely The adult and chdd body weights are 70 lalograms and 15 lalograms, reqxctwely 
The averagmg tune for a carcmogen is 25 550 days or 70 years 
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C 4 2 Brmal Contact With Warn 

Equahon 2 was used to calculate absorbed dose through the slun or mtake for the future onsite 
resident Thls is the only Ttccptof that potenWy can contact contamllGated groundwater Ths 
equaoon calculates the actual absorbed dose not the amount of chemical that comes m contact 
with the slun 

where 

cw= 
SA = 
P c =  
E T =  
E F =  
E D =  
CF = 
BW = 
AT = 

CW x SA x PC x ET x EF x ED x CF 
BW x AT Absorbed Dose (rn&mY) = 

ChcrmCai CoiKxIltnrttOIl m water (mg/hter) 
Sktn surhce area avadable for contact (cm2) 
Chem~cal specific dermal penneabhty constant (cdhr) 
Exposure bme (hours/day) 
axPosue -=CY (daYdYear) 
Exposum dumon (years) 
volumetric umversion factor for water (1 hter/lO00 cm3) 
MY wewb (kg) 
Averaging tune (pcr~od over whch exposure IS averaged m days) 

The chemical umccntmbon rn water IS a modeled value as descnbcd m the PHE Some 
parameters vary between adult and chdd mcepton such as slun surface areas exposure 
durabons, and body weights The adult and chdd slun surface areas are 23 200 cm2 and 9 180 
cm2 respectrvely The dermal penncabhty constants are chemcal specrfic and then ongmabon 

is d~scussed m the FWE Adult and ciuld exposu~ tunes for dermal contact with groundwater 
are 0 2 houdday Exposum frequency for a midental adult and chdd IS 350 dayslyear Adult 
and chdd exposue durat~ons arc 24 years and 6 years reqx&vely The volumetnc conversion 
factor for wateru 0 001 htcrs/cm3 Adult and chdd body weights rn 70 lulograms and 15 
lalogmns respcmvely The averagmg tune for a carclllogen IS 25 550 days or 70 yeats 

1 
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c 4 3  

Exposure scenarios mvolmg the residentlal adult residentd chdd and office worker mclude 
mtake of avborne contaxwants The contammnts sup: m the vapor phase and o n p t e  from 
groundwater wntamlnants volatdmng and m u n g  through either a home foundahon or office 
bulldrng foundahon as apphcable Assummg well water is used w i t h  the home the residentlal 
receptor can also lnhale contarmnants volattlrzed dumg m home water use Dermal abmrphon 
of vapor phase contammts IS considered to be a neglrgrble portlon of dudahon mtakes and 

therefore 1s dsregarded M 8ccofd81ce with Ruk Assessment Guidance for Superfund CRAGS) 

(EPA 1991) Equabon 3 was used to calculate mbalaOon mtakes for residentml and office 
worker receptors 

where 

(3) 

CA = Contarnurant concentmtmn m au (mg/m3) 
IR = Inhnlrttonrate(m3/day) 
EF = w)O-f=wJ=Y(daYdY-) 
ED = E i x p o ~ d u r a t i o n ( y ~ )  
BW = Bodywaght(kg) 
AT = Averagmg tune @end over whch exposure s averaged m days) 

Both midental and office worker rcccptOrS have the potentad to d e  volatdmd contammahon 
that has -sed thrwrgh the fopudatton of ather a home or an office buddmg, as apphcable 
It is assumed that groundwater would not service onsite office Wdmgs, therefore only a 
residentd receptor could d a l e  volatkd contammation due to lndoor water use The 
chemical c o n m o n s  M lndoor a n  (volatdmd though a foundabon and volatked due to 

m b r  water use) are modeled values as described m the P" Some parameters vary between 
the onsite office worker adult and chdd receptors such as mhalatm rates exposure 
frequencies exposure duratums, body weights, and averagmg tunes The lnhalatrnn rate IS 15 

m3/day for a residentml adult (assummg mdoor actw~es) and 20 m3/day for both a residential 

chdd and office worker The exposum frequency IS 350 daydyear for a residentd adult and 
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chdd and 250 dayslyear for an ofice worker The exposure durauon is 24 years for a 

residentd adult 6 years for a residentral c u d  and 25 years for an office worker The body 

weight is 70 lalograms for a residentral adult and office worker and 15 lalograms for a 
residentd chdd 



cso  TOxIcITYAssEssMENT 

Thls secfion provides the toncity constants used for nsk charactemon purposes and 

summanzes to~~colopcal m f o m o n  Specdic denvatm of toncity constants and respemve 
sources is cfiscussed m the PHE For this nsk assessment, toncity mfomaQon summanzed for 
two categones of potential effects noncarcmogemc and cmmogemc effects These two 

categones were selected because of the shghtly Menng methodologm for esbmatmg potentml 

health nsks assocnted with exposures to carcmogens and nonmcmogens 

Tet~achlomethcne also known as pe~~blofoethylene (ICE) has widespread use m the dry 
cl-g and textde lndustnes It IS also used M the cold clamng and vapor degreasmg of 

metals as a chtrmcal mtennedrate m the synthess of flu-, as a component of aerosol 
laundry txwment produds as a solvent for s~I~cones as the rnsulattng fluid and mohg  gas m 
electncal transformers, andmtypewnterconndron flmd PCBu notbwnto occur naturally 

but contnbutcs to water polhtm through leaclung from my1 lrners m asbestos-cement water 
pqkhes and as wastewater from metal findung laundries alummm-fmmg orgamc 
chemcal/plastics man&actumg, and mumapal treatment plants Au w-on IS the result 

of emusions and vaponzatmn losses from dry cfnnlnn and rnduscnal metal clcmng (ATSDR 

1992) 

The effects dmussed below am due to wcupat~onal exposum levels whch are much hgher than 

the expected env~~nmmtal levels Pnmanly exposwe occurs through vlhalatton of 
contammted a n  ormgmtxm ofamtmmtd water -can cause hgh- dzzmess 

euphona bhdms ,  cankc arrhythmras, hypotmmm, cyanom mspmtory depression, 
pulmmaryhemorrhages, andccntralorxvoorssystcm(CNS)~nmacutedosages When 

c h r o m d y  dosed, tn@ m e  lmpavment hver mj~ry, and chapped skm can occur PCE 
IS metabolrzed and excreted vcry slowly Imhduals wlth dueascs of the heart, hvcr, ludneys, 
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and lungs are the most vulnerable to PCE powrung It has also been known to cause jaundxe 
m newborns from PCE excmon m the breast mdk (ATSDR 1992) 

Ehstoncally few acute or c h m c  tndustnal toxlcity problems have ansen from the use of ths 
solvent although researchers have reported both hepatotoxlty and CNS effects Ingested or 
rnhded PCE is mostly excretad by the lungs The metabohsm of PCE IS very slow a very low 
percentage IS excreted m the unne as metabohtes Currently no mhalaaon RfD 1s avadable for 
PCE oral RfDs have been calculated based on research with rodents Pnmary effects 
assocmted with PCE exposum urclude hver and ludney damage and CNS depmslon The oral 

RfD for c h m c  exposums IS 18-2 mg/kg/day with an unctTt8lllty factor of lo00 There 1s 

medwm confkkmcc m thts RfD because no one study combmcd the featum nqulrsd for denvmg 
a lllgh confidence RfD confidence m the pnnciplc study IS low because it lacked complete 

lllstopatholog~cal exarmnatron at the no obsemd adverse effect level (NOAEL) and I 
c o m b o ~ v e  stu&cs on its tcratogenrc and reproducdve mpacts am laclang @PA 1994) 

PCE IS luted as a probable group B2 camnogem rn lRIS has an oral SP of 5 20E2 and an 
mhalauon SP of 2 03E-3 "ius c ladkatm was based on s t u b  puf'ormed on rodents when 
-on produced both l a bma  and tumors of the hver PCE IS for the most part 

nonmutagemc and has not bcea shown to cause reproductve tox~city 

Table C 5 1 summanze~ ctremrcal specific constants for ICE 

C 5 2  

Groundwater modehg was used to calculate the expected c o m o n  rn groundwater at 
vanous locatum8 downgmbnt of IHSS 119 1 The oomcntmtmns we= modeled to mclude the 
speafic r e m w o n  sccmos star&mg m 1969 and amtmrng m tunc steps The scenanos that 
wen modeled axe no amon, contmucd use of the f b c h  dram and extraction well (mstrtut~onal 

controls) and remcdntmg the coaammmon at the source (rem-) The no -on sccnano 

was modeled out to the year 2369 (400 years) the colltlllucd -on of the h c h  dram and 
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Table C 5-1 
Chemical Specific Constants 
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extiaction well scenano was modeled to year 2269 (300 years) and the remediation scenano was 
modeled to year 2169 (200 years) The concentrations of PCE at the end of the modebrig runs I 

for the no action and continued opention of the french dram and extraction well scenanos were 

concentration that is not sigtllficantly higher than the last concentration result Therefore the 
highest concentmons of PCE for these scenanos was conservatively used to calculate 
carcrnogemc nsk and noncarcinogmc hazard effects The highest concenmon of PCE at 
woman creek for the rem&&on scenano occuntcd during the year 2152 Therefore the 
concentration for this sctll8no IS assumed to be the 30-year average concentmfion centered 
around the year 2152 The calculated groundwater wnccntraUons were then used in the Johnson 
and b g e r  (1991) sod gas modcl whtch mnsidcrs chemcal spcclfic parameters such as Henry s 
law constant and an maon CodfiClcIts to calculate a vapor Concentration mi& a building 
refer to the PHE for further detarls To calculate the umcentrafion in indoor an from 

groundwater use the amsewat~wly modeled groundwater mncentmt~ons were multiphed by the 

vo-on e o n  of 0 065 mg/m3 81t per mg/l water Thu conservative approach is 
consstent with Andelman (1990) and IS dwussed further in the PHB The concentrations of 
PCE and associated sccnanos m summanzed in Table C 5 2 

I 

stdl nsrng shghtly however the peak is expected to occur withm a short tune frame and at a 1 

The intake equations dtscwsed m 8ccb0ll4 0 use the nonchamcal spe!cfi parameters chenucal 

specific parameters chemtcll m o l l s  and appropriate sccmmos to calculate respcct~ve 

chemical intakes Tables C 5 3 through C 5 8 summarize the carcinogemc and no11carcinogemc 

mtalces by scenano r#xpfor md pathway 

c 5 4  -a- 

Potentd cafclllogcntc mks m expmaal as an estunated pmbab&ty of m individual developing 
cancer h m  lrfetrme exposum to the aumogen Thts probabrlrty w based on pl~ojectad intakes 
and c h c a l  spcclfic dose-response data called cancer slope facsors (SFs) Cancer SFs and the 
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Table C 5-2 
PCE Concentrations at Woman Creek 

Indoor Aw 
Volatiles Diffusing 

through the 
Foundataon Groundwater 

-0 (Wd (mgn), 
Unchanged contamination 9 69E 10 3 60E-03 
disconmued FD and extractlon 
well operations 

Indoor Am from 
Groundwater Use 

(mg/m') 

2 34E-04 

Unchanged mntamumon 2 32E 12 8 62E-06 5 60E-07 
continued m> and extraction 
well operatrons 

Remediated contamnation 157E 10 5 84E-04 3 80E-05 
disconmued FD and emactlon 
well operatrons 
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Future Onsite 
, Resident with 

Groundwater 

N/A Future Onsite 
Office Worker 
without I Groundwater 

NIA 

Table C 5 3 
Csrcrnogemc Intakes at Womaa Creek, No Achon Scenano 

(WWhY) 

Inhalation of 
Volatiles 
Diffusing 
through Iqesbon of 

Foundation Groundwrrter 

683E 11 I 338E-05 

I 
683E 11 NJA 

677E 11 NtA 
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Table C 5-4 
Carcmogeruc Intakes at Woman Creek, ken& Dram and Extraction Well Scenano 

(mg/kg/bY) 

Inhalabon of 
Volatile 
DW- 
through 

Poundation 
Ingestion of 

GrOUndwrrter 

Future Onsite 163E 13 8 1OE-08 
Resident with 
Groundwater 

Future Onsite 163E 13 NIA 
Resident without 
Groundwater 

Future Onsite 162E 13 NIA 
office Worker 
WlthOllt 
Groundwater 

Dermal Contact 
with 

9 02E-09 

NIA 

Inhalation of 
Volatdes from 
Indoor use of 
Groundwater 

3 95E-08 

NIA 

NIA 
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Table C 5 5 
Carcmogemc Intakes at Woman Creek, Source Remeduation Scenano 

(mg/kg/day) 

Future Onsite 
Resident with 
Groundwater 

Future Onsite 
Resident wrtbout 
Groundwater 

Future Onsite 
Office Worker 
without 
Groundwater 

Inhalation of 
volatdes Inhalabon of 
Diffusing Dermal Contact Volatiles from 

Ingestion of wrth Indoor use of 
GlDUndwates GmUndwater Groundwater 

-ugn 
Foundabon 

1 11E 11 S 49E-06 6 11E-07 2 67E-06 

1 11E 11 N/A N/A NIA 

1 1OE 11 NIA NIA NIA 
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Table C 5 6 
Noncarcmogeruc Intakes at Woman Creek, No Action Scenano 

(mg/kg/&y) 

Future Onsite 
Qdd Resident 
Wlth 
Groundwater 

Future Onsite 
Adult Resident 
without 
Groundwater 

Future Onsite 
Chdd Resident 
without 
Groundwater 

Receptor 

NIA 2 30E-04 2 03E-05 

199E 10 N/A NIA 

1 24E-09 N/A N/A 

Future Onsite 
Adult Resident 
Wlth 
Groundwater 

Future Onsite 
office Worker 
without 
Groundwater 

InhaIation of 
volatlles 
Diffusing; 

Ingesbon of 
Foundatron GFoUndwatcr 

19OE 10 

N/A 9 86E-05 

Demd Contact 
wth 

1 10E-05 

NIA NIA 

Inhalabon of 
Volables from 
Indoor use of 
Groundwater 

NIA 

NIA 

NIA 

N/A 

NIA 
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Table C 5-7 
Noncarcmogemc Intakes at Woman Creek, French Drain and Extraction Well Scenano 

tmg/kg/day) 

I 

Inhalation of 
Volatlles 
Diff\rmng 

Foundabon 

I I I 

N l  A 

4 54E 13 

Ingesbon of 
Groundwater 

Nl A 

Dermal Contact 
wtb 

Groundwater 

Inhalation of 
Volat~les from 
Indoor use of 
Groundwater 

2 36E-07 2 63E48 I N/A 

Future Onsite 
Chlld Resident 
Wlth 
Groundwater 

NIA 5 51E-07 4 86E-08 N/A 

Future Onsite 
Adult Resident 
WlthOUt 
Groundwater 

4 77E 13 NIA NIA NIA 

Future Onsite 
Chdd Resident 
WlthOUt 
Groundwater 

2 97E 12 NIA 

Future Onsite 
Office Worker 
WlthOUt 
Groundwater 

NIA NIA 
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Table C 5 8 
Noncarunogenic Intakes at Woman Creek, Source Remedration Scenano 

(mg/kg/day) 

Inhalation of 
Volahles 
Diffmng 
-ugn 

Foundation 

Future Onsite 
Adult Resident 
wrth 
Groundwater 

NJA 

Future Onsite 
Chlld Resident 

Groundwater 

Future Onsite 3 23E 1 1  
Adult Resident 
without 
Groundwater 

Future Onsite 2 01E 10 
Chlld Resident 
without 
Groundwater 

Future Onsite 3 m  1 1  
Office Worker 
without R Groundwater 
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estunated M y  tntake of a compound averaged over a Metme of exposure IS used to estmate 

the rncremental nsk that an mddwidual exposed to that compound may develop cancer Potentd 
carcmogetllc nsks are estrmated from the followmg equaQon 

Izlsk = Intake X SF 
where 

(4) 

Rlsk = Potentd M&me excess cancer nsk (unrtless) 
SF = Slope factor for chermcals (mg/kg/day) 
Intake = Chermcalmtake(mg/kg/day) 

Potentnl health effects of chrome exposure to nonawmogemc compounds IS assessed by 
calculatmg a hazard quotient (HQ) wlwh IS denved by drvldurg the atmated dady mtake by 
a chemcal speclfic RfD as shown m the followmg equatton 

HQ = Intake/RfD 

where 

HQ = Noncancer hazard quotient (umtless) 
Intake = Chumc%lmtake(mgkg/day) 
IUD = Reference dose (mg/kg/day) 

A HQ greater than 1 0 rndrcates that exposure to that contatmuant, (at the concentmuons and 
for the duraoon and frequencies of exposure estunatcd rn the exposure assessment) may cause 
adverse health effects rn exposed popdat~om Howwer the level of concern assoclitted with 

exposure to noncarcmogemc compounds does not mkxease lmcariy as HQ values exceed 1 0 
In other words HQ values do not mmt a probab&ty or a percentage For example, an HQ 
of 10 does not m&cate that adverse health effects are 10 tunes more l h l y  to occur than an HQ 
value of 1 0 but that potentd adverse health effects are of greater concern 
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C 6 0 RISK CHARACTERlZATION 

fisk chaxactenzabon rnvolves estmatmg the magmtude of potentd adverse effects summanzmg 

the nature of the threats to publlc health and considenng the nature and weight of evidence 
suppoxtmg these nsk estmates and the degree of uncemty surroundmg the esttmates 
S p e c f i d y  nsk charactemahon mvolves combmg the results of the exposure and toxlcity 
assessments to provide numencal estmates of h d t h  nsk These estmates are cornpansons of 
exposure levels with appropnate IUDs or estmates of the Metme cancer nsk with a gwen 
rntake 

Generally to quantrfy the health nsks the mtakes are fm calculated as identlfed m sechon 
4 0 for each appllcable scclllvlo The mtakes w e n  calculated from the concenmons Qscussed 

m -on 5 2 and the methodology documented m the EPA RAGS (1989) The specfic rntakes 
calculated m -on 5 3 were then c o m m  to the apphcable chemcal specfic toxmlogml 
data presented m W o n  5 1 to detexmme the health nsk 

The health nsks from PCE were calculated to determme potentul carcmogemc and 
noncarcmogemc effects as Msscd m Smons 6 1 and 6 2 respechvely 

C 6 1  

Carcmogemc nsks from exposure to PCE were calculated for a future onslte resident usmg 
groundwater, usmg publlc water, and for a hture onsite office worker usrng pubhc water The 

source of cont8rrm18ton umsidered (1) mamtamng the cumnt groundwater amtammabon level 
and removmg the french dram and ex-on well (2) mamtamng the c u m t  groundwater 

contammuon level and contmumg the fmnch dram and e-on well operations and (3) 

remedmtmg the contammabon soum and nmovmg the Mnch dratn and extrachon well These 

receptors and scenanos considered PCE contammahon at woman creek Tables C 6-1 through 

C 6-3 summanze the results of the nsk calculahons by scemo receptor and pathway 
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The three highest carcinogenic nsks at woman creek are assocmted wth the future onsite 
resident usmg groundwater for household use The nsks for the future onsite resident without 
groundwater and the future office worker without groundwater are negligible (in the 10 I3 to 

10 M range) 

The scenano that ylelded the maxlmum calculated carcmogenic nsk assumed current PCE 
groundwater contammation and removal of the hnch dram and extraction well (no action 
scenano) The total calculated nsk for the future onsite readat wth this exposure is 1 99E-06 
wth the domnating pathway of urgestion of groundwater wth a nsk of 1 76E-06 (see Table 
c 6-1) 

The next hlghest calculated carclllogcruc nsk assumed rcmedmtion of the contammation and 

discontmuing the opcratm of the french dram and extm%on well The total calculated nsk for 
the future on ate resident wth h s  exposure is 3 22B-07 wth the domurattng pathway of 
mgesuon of groundwater wth a nsk of 2 HE47 (see Table C 6-3) 

The thud hghest calculated carcmogemc nsk assumed current PCE groundwater contarmnation 
and conmued operation of the h c h  d m  and the extractron well (Institutional controls) The 
total calculated nsk for the funrrc on ate reudent wth this exposure is 4 76E-09 wth the 
domnatmg pathway of mgestzon of groundwater wth a nsk of 4 21E-09 (see Table C 6-2) 

C 6 2  

The receptors and pathways used to evaluate carcinogenic effects were also used to evaluate 
noncarcinogemc effects The hazard urdices for PCE are the summed HQs for each exposure 

pathway If the hazard mdex exceeds unity there may be a concern for potentxal health effects 
and the exposure should be evaluated more closely Tables C 64 through C 6-6 summame the 

results of the HQ and hazard mdiccs calculations by sccnano -tor and pathway 
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Table C 61  
Carcmogemc Rulc at Woman Creek, No Action Scenarro 

NIA 

Future On 
site Resident 
Wlth 
Groundwater 

NJA 137E 13 

Future On 
site Resident 
without 
Groundwater 

Future On 
site office 
Worker 
WlthOUt 
Groundwater 

Inhalation of 
Volatiles 
Diffwmg 

Foundation 
-ugh 

139E 13 

139E 13 

137E 13 

1 76E-06 

NIA 

NIA 

I Inhalation of 
Volatlles 

Dermal from Indoor 
Contact wth use of 
Grounmvoter Groundwater TOTAL 

1 %E47 3 35E-08 199E-06 

NIA 
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Table C 6-2 
Carcmogemc Rusk at Woman Creek, F’rench Dram and Extraction Well Scenano 

Groundwater 

Future On 3 29E 16 NIA NIA NIA 3 29E 16 
Slte office 
Workez 
without 
Groundwater 
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Table C 6-3 
Carcmogenic Risk at Woman Creek, Source Remediation Scenano 

Future On site 
Office Worker 
without 
Groundwater 

Inhalation of 
Volatiles 
Diffusing 

Foundation 
through 

2 23E 14 

Future On site 
Resident with 
Groundwater 

2 2SE 14 

Future On site 
Resident 
WlthOUt 
Groundwater 

2 25E 14 

Inhalabon of 
Volatiles 

Dermal from Indoor 
Ingestion of Contact wth use of 

Groundwater Groundwater Groundwater TOTAL 

2 85E-07 3 18E-08 5 43E-09 3 22E-07 

N/A NIA N/A 225E 14 

I I I 

NfA 
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Table C 64 
Noncarcmogedc Hnzard I n b  at Woman Creek, No Action Scenano 

Future On site 
Adult Resident 
without 
Groundwater 

Idhrrlrrtion of 
volatiles 
Difflrsirqe 
throush 

Foundonion 

NIA 

Future On site NIA 
Adult Resident 
with 
Groundwater 

Future On site 
Chtld Resident 
w1thout 
Groundwater 

Future On site NIA 
Chtld Resident 
Wlth 
Groundwater 

NIA 

Future On sate 
Office Worker 
WlthOUt 
Groundwater 

NIA 

Inhalabon of 
Volables 

Denaal from Indoor I 

l Ingeshon of Contact wth use of 
Groundwater Groundwater Groundwater TOTAL 

9 86E-03 1 10E-03 NIA 1 10E-02 

2 30E-02 2 03E-03 NIA 2 50EM 
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Table C 6-5 
Noncamognrc Hazard In&- at Woman Creek, F'rench Dram and 

Extraction Well Scenano 

Inhalabon of 
Volables 

from Indoor 
use of 

Groundwater 

Inhalation of 
Volatiles 
Mffusing 
-m 

Receptor Foundation 

Dermal 
Contact with 
GrOUndwrrter 

Ingestron of 
Groundwater TOTAL 

Future On 
site Adult 
Resident 
Wlth 
Groundwater 

2 36E-05 2 63E-06 NIA 2 62E-05 

Future On 
site Chdd 
Resident 
with 
Groundwater 

N/A 5 51E-05 4 86E-06 N/A 6 OOE-05 

Future On 
site Adult 
Resident 
without 
Groundwater 

N/A NIA N/A NIA N/A 

Future On 
site Chdd 
Resident 
WlthOUt 
Groundwater 

NIA N/A NIA N/A NtA 

N/A N/A N/A Future On 
site office 
Worker 
WlthOUt 
Groundwater 
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Table C 66 
Noncarcmogenic Hazard Indrces at Women Creek, Source Remediation Scenano 

Future On 
site office 
Worker 

Groundwater 
, without 

L Receptor 

Inhalabon of 
Volatiles 
Diffusing 

Foundation 

lnholatron of 
VOlatJles 

from Indoor 
use of Ingestion of 

GmlmdwpteF TOTAL 

NIA 160E-03 1 78E-04 NIA 1 78E-03 Future On 
site Adult 
Resident 
With 
Groundw am 

Future On 
site a d d  
Resident 
with I Groundwater 

NIA 3 73E-03 3 29E-04 N/A 4 ME43 

Future On 
site Adult 
Resident 
WlthOUt 
Groundwater 

NIA NIA N/A N/A NIA 

Future On 
site Chdd 
Resident 
without 
Groundwater 

N/A N/A NIA NIA N/A 

NIA NIA N/A N/A N/A 
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The calculabon of HQs and respecbve hazard indices did not yield a significant noncarcmogenic 
hazard (1 e did not approach unity) The highest hazard index is 2 50E-02 for a future onsite 
chdd resldent wth groundwater assuming PCE contaminabon and disconbnuing the french 
dram and extrachon well opcrahons (no acbon scenario) (see Table C 6-4) The donunatmg 
pathway for thts rcceptof is ingesbon of groundwater wth a HQ of 2 30E-02 The remrung 

hazard mdices ranged from 1 10E-02 to 2 62E-05 HQs were not calculated for receptors that 

do not have access to groundwater because the only apphcable pathway for these rcceptofs IS 

inhalabon of volatxlcs dffusmg through the foundabon and the PCE inhalabon RfD is not 
avahble 

OUlCMslFsReport 
881 -de Area 
August 1994 C 30 

DRAFrFINAL 



C 7 0  SUMMARY 

These residual nsk calcu&ons d~scussed m thts nsk assessment were mended to develop a 
quanbtabve assessment of the nsk assocxtted with appropnate receptors and scenanos after 
speclfic remedal achon altemat~ves have been unplemented Based on mfonnabon from the 

PHE the most consewatwe contamumon scenanos receptors and pathways were evaluated 
Concentrattons of contammanu wem modeled usrng groundwater modeltug techques and then 

receptor mtakes were calculated The mtakes were combmed with to~~mlog~cal data m nsk and 

HQ eqwons to calculate potentad pmbabdhes for camnogemc nsk and noncarcmogemc HQs 
The carcmogemc nsks and hazard quotxents were then summed by scenano to yield total 
potential camnogac and n o n a u c m o ~ c  effects 

The m m u m  calculated camnogcmc nsk IS for the no actron sccnano The total nsk to the 

future onsite resident with groundwater IS 1 99E-06 

The hazard I.U&CCS calculated for the scenarios and rtccptofs were not sigruficaat (1 e &d not 
a p p m h  umty) The maximum hazard urdex is 2 5OE-02 for a future onsite c u d  resident with 
groundwater m m m g  the c u m t  lev& of PCE contammdmn, and &scontmurng opemt~ons 
of the french dram and extracslon well 
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OU-1 DOMESTIC WATER SUPPLY SIMULATIONS 

The results of computer simulations of domestic 
water production capablties from subsurface units beneath 

OU 1 at the Rocky Flats Plant Golden Colorado 

This work was performed by the Geosciences Division 
in support of risk analysis studies 

December 14 1992 



OU 1 Domestic Water Supply Simulations 

INTRODUCTION 

To investigate the water production capabiltties of the colluvial materials 
beneath Operable unit 1 at the Rocky Flats Plant several transient pumping computer 
simulations were performed These simulations were designed to determine whether 
these saturated materials could produce sufficient water to supply a hypothetical four 
member household A daily pumping requirement of 240 gallons per day (gpd) was 
assumed based on a daily water requirement of 60 gallons per person 

METHOD 

Simulations were performed using the USGS MODFLOW groundwater flow 
simulation package (McDonald and Harbaugh 1988) Input parameters common to 
all simulations are listed in Table 1 Simulations were run using a daily time frame 
until the pumping well grid cell went dry or the end of the simulation (365 days) was 
reached 

The pumping well was located at the center of the 19 by 19 grid cell array A 
variable grid spacing ranging from 5 feet at the well to 50 feet at the boundaries was 
used to provide realistic drawdown conditions near the well The grid spacing for 
each scenario are given in Table 1 and shown in Figure 1 The specific yield came 
from lab analyses of core samples and example values from the literature for fine 
grained materials (Fetter 1980 pg 68) Boundary conditions were constant head 
equal to the initial head 

Table 1 

Initial Saturated Thickness 

2 
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50 

so 

3s 

25 

15 

10 
7 
5 

35 P W I N G  WELL 50 50 

Figure 1 Figure shows 1/4 (upper right hand quadrant) of an example model grid 
In model well is at center of grid Grid spacings in feet The number of grid nodes 
for each model may differ but grid spacings are similar Not to scale 
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OU 1 Domestic Water Supply Simulations 

HYDRAULIC 
CONDUCTIVITY 
(CM/SEC) 

1 5 G  PM SGNA RIO 

I WATER 

DAYS 
PRODUCTION 

For this scenario a pumping rate of 1 5 gpm was used This rate is below the 
3 5 gprn rate commonly used for domestic wells and as such IS conservative Each 
day of the transient simulation was divided into two stress periods and each period 
was divided into two timesteps The first 2 7 hours of each day was used as a 
pumping period It was assumed that the household maintained water storage 
capabilities and that this pumping period was used to replenish the water storage 
system The pumping period was based on the total daily water requirement (240 
gal 1 and the pumping rate (1 5 gpm) 

240 gal/(l 5 gal/min 60 minlhr) = 2 7 hrs 

The remaining 21 3 hours of each day allowed water level recovery to take place 

To determine the effect of uncertainty in hydraulic conductivity two 
simulations with different conductivity parameters were run The results from these 
simulations are shown in the following table 

Summary of simulation results for 1 5 gpm scenario 

I 1E 5 I <1 I I 

I 1 E 4  I <1 

Results 
For the 1 5 gpm scenario the pumping well grid cell went dry within the first 

day of the simulation regardless of which hydraulic conductivity was used This IS 

consistent with the low hydraulic conductivity and small saturated thickness observed 
for 881 Hillside colluvial materials 

4 



OU 1 Domestic Water Supply Simulations 

MAXIMUM POTENTIAL WATER PROOUC TION 

To further investigate the potential for water productton from the colluvial 
materials on the 881 Hillside several simulations with differing pumping rates were 
performed These simulations were not designed to produce 240 gallons of water per 
day but instead were intended to determine a potential maximum water production 
For this reason each day of the transient simulation was divided into two stress 
periods with each period divided into two timesteps The first 12 hour stress period 
was a pumping period and second 12 hour segment was a recovery phase Again 
two different hydraulic conductivities were examined All other simulation parameters 
are as listed in Table 1 and shown in Figure 1 

Results from simulations with a hydraulic conductivity of l e 4  crn/sec are 
shown in the following table Each row represents a different pumping rate (given 
both in cubic feet per day and gallons per minute) The "Daily Water Production 
column gives the equivalent daily water production rate in gallons This is the rate at 
which water was being produced prior to any desaturation of the well cell within the 
model and assumes a 12 hour pumping period The "Water Production Days column 
gives the number of simulated days before the well cell was desaturated (dried up) 
Values for "Water Production Days" greater than 365 indicate the well cell did not 
desaturate during the simulation 

Simulation Results with K = l e  4 cmhec 

PUMPING PUMPING DAILY WATER 
RATE RATE WATER PRODUCTION 
FTA3/DAY GPM PRODUCTION (GAL 1 DAYS 

100 

50 I 0 2 6  I 187 I 3 5  

II 35 I 0 1 8  I 130 I 4 3 5  

30 0 16 115 221 5 

27 0 14 101 > 365 
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OU 1 Domestic Water Supply Simulations 

PUMPING 

FTA3/DAY 
I RATE 

Results from simulations with a hydraulic conductivity of l e  5 cm/sec are 
Column and row descriptions are as listed for the 

Note that pumping rates are lower than those in the previous 
shown in the following table 
previous table 
simulation 

I PUMPING DAILY WATER 
RATE WATER PRODUCTION 
GPM PRODUCTION (GAL 1 DAYS 

Simulation Results with K = l e  5 cm/sec 

An additional simulation was run using a hydraulic conductivity based on OU 1 
field measurements The geometric mean of single well tests in colluvial materials 
was 1 75E 05 cm/sec Using this K and the same values presented for other 
parameters gives a maximum pumping rate of 6 0 fta/day (or 22 4 gallons per day) 
for a 12 hour pump period without desaturating the well 

Results 

The results from these simulations to investigate the maximum potential water 
production capabilities from the 88 1 Hillside colluvium indicate maximum expected 
production capabilities that are less than 10% of that requlred to supply a family of 
four (240 gallons) In reality long term production rates would be lower because of 
the constant head boundary conditions assumed in the model This type of boundary 
condition would represent an infinte water source to the well given a sufficently low 
pumping rate Actual field conditons on the 881 Hillside consist of saturated regions 
often surrounded by desaturated zones which would limit long term water production 
capabilities The simulation also assumed a consant saturated thickness across the 
model domain Field data from the 881 Hillside indicate that the thickness of 
saturated colluvium varies often thinning below the 10 foot saturated thickness 
assumed in the modeling The combination of these factors suggest that the model 
determined pumping rates would be higher than would be expected from an actual 
water production well on the 881 Hillside 

6 
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U n i t e d  S t a t e s  D e D a r t m e n t  of  E n e r a /  
R o c k y  F l a t s  Office 
P 0 BOY 928 
G o l d e n  CO 80402-Q928 

Dear M r  Grace 

W e  h a  /e r e v i e w e d  t h e  documen t s u b m i t t e d  e n  t i t  l e d  P u b l i c  
H e a l t h  R i s k  A s s e s s m e n t  8B1 H i l l s i d e  Area ( O U l )  T e c h n i c a l  
Memorandum No 6 E v p o s u r e  S c e n a r i o s  R e v i s i o n  Z 0 d a t e d  M a r c h  

T h e  o u r D o s e  o f  o u r  review was t o  s c w c i f i c a l l v  e l e l u a t e  t h e  
f i n d i n u o  p r e s e n t e d  i n  h o p e n d i v  B I n v e r t i p a t i o n  a n d  S i m u l a t i o n  of 
Watar P r o d u c t i o n  C a n a b i l i t i e s  

' 1992 

T h e  bas-c c o n c l u s i o n  sf t h i s  a p p e n d i v  i s  t h a t  n e i t h e r  t h e  
s h a l l o w  a l l u v i a l  a a u i f e r  ( R o c k y  F l a t s  A l l u / i u m )  n o r  t h e  u n d e r 1  / i n 9  
Arapahoe A q u i f e r  i s  capable n f  p r o d u c i n g  s u f f i c i e n t  water f o r  e v e q  
domestic B U ~ B O S C S  T h i s  c o n c l u s i o n  was d e r i v e d  from model 
s i m u l a t i o n  r u n s  u t i l A z i n g  t h e  USGS MODFLOW g r o u n d  water flow 
s i r n u l a t i o n  package T h i s  c o n c l u s i o n  i s  a p p l L r d  o n l y  t o  t h e  891 
H ,  1 1 s i d e  area 

W h i l e  t h e  b a s i c  a n o u t  parameters a r e  g i v e n  a n  t h e  appond1.r 
a c t u a l  model s e t u p  a n d  o u t p u t  were n o t  s u b m i t t e d  B a s i c a l l y  t h e  
parameters selected a n d  p r e s e n t e d  i n  T a b l e  8-3 a n d  T a b l e  E-4 appear 
t o  be r e a s o n a b l e  w i t h  t h e  e r c e p t & o n  o f  t h e  spacif&c y i e l d  v a l u e  f o r  
t h e  arapahoe h u i f e r  Based o n  p r e v i o u s  w o r k  by t h e  USGS and o n  
researched f u n d e d  by t h i s  of f i ce  a n d  t h e  C o l o r a d o  Mater 
C o n s e r v a t i o n  B o a r d ,  t h e  a c t u a l  s p e c i f i c  y i e l d  of t h e  Arapahoe 
A a u i f e r  r a n g e s  b e t w e e n  0 15 e n d  0 20 T h e  s i m u l a t i o n  r u n s  u s e d  a 
v a l u e  o f  0 Z 0  T h e  use o f  t h e  h i g h e r  v a l u e  w i l l  r e s u l t  i n  more 
water b e i n g  released from s torage  a n d  a more r a p i d  d e p l e t i o n  T h i s  
w i l l  cause c e l l s  t o  d r y  up more! a u i c k l v  t h a n  t h e y  may i n  
a c t u a l i t y  A l t h o u g h  we s u g g e s t  t h a t  t h e  model b e  r e r u n  w r t h  a 
speci f ic  y i e l d  o f  n o  more t h a n  0 20 we do n o t  f e e l  t h a t  t h e  
r e s u l t  w i l l  s i g n r f i c a n t l y  c h a n g e  t h e  c o n c l u s i o n  I t  w i l l  c h a n g e  
t h e  l e n g t h  o f  time n e c e s s a r y  t o  d e p l e t e  c e l l s  

B a s e d  o n  these c o m m e n t s  n e  f ee l  t h a t  t h e  c o n c l u s i o n  t h a t  
n r i t h e r  a q u i f e r  15 a a o t e n t i a l  s o u r c e  for  domestic  water s u o p l i e s  
in t h e  881 H r l l s i d e  area a s  v a l i d  when c o n s i d e r i n g  f u t u r e  l a n d  u s e  

Me would l i k e  t o  comment on severa l  s t a t e m e n t s  mode i n  t h e  
d o c u m e n t  w h i c h  ore n o t  n e c e s s a r i l y  c o r r e c t  and s h o u l d  be corrected 
o r i o r  t o  i s s u a n c e  o f  t h e  f i n a l  d o c u m e n t  



1 Paqe 8-5 Paragraph 4 -- Th is  paragraph states t h a t  
domestic w e l l s  d r i l l e d  t o  the  Laramie-Fov Hills Aquifer 
(SO0 t o  700 feet) are n o t  an economicallv , i a b l e  
a l t e r n a t i v e  T h i s  2s n o t  t r u e  I t  i s  a u i t e  common Ln 
the Denver Basin f o r  domestic wells t o  be d r i l l e d  ta 
depths i n  cycess o f  1000 f e e t  Therefore  Laramie-For 
H a l l s  we l l s  f o r  domestac purooses  are V w v  1 i L e l v  i n  the 
f u t u r e  depending on the  uermztted land use 

2 Page B-8, l a s t  paragraph -- I t  i s  stated t h a t  w e l l  y i e l d s  
l i s t e d  i n  Tab le  8-5 a r e  t h e  mavimum Permiss ib le  oumoing 
r a t e r  A c t u a l l y  the r a t e s  l i s t e d  f o r  the domestic w e l l s  
a re  those repor ted  by the d r i l l e r  a t  the time t h e  w e l l  
was completed and actua l  permissib l e  pumping r a t e s  m a /  be 
e i t h e r  15 gpm or 25 gpm depending on the year  the  we11 
was permitted I t  i s  t r u e  t h a t  the pe rmiss ib le  r a t e  as 
independent of  the ac tua l  susta ined y i e l d  Permi tt ed 
pumping r a t e s  f o r  w e l l s  o t h e r  than domestic and stock 
(permi t  numbers w i t h  the su f f i r  F 1 may a l s o  be 
d i f f e r e n t  than e i t h e r  t h e  maximum PumDing r a t e  o r  t h e  
susta ined vA.eld 

Page 8-13 f i r s t  oaragraph -- Permitted w e l l  b i e l d s  of  
less th8n 13 gpm do n u t  n e c e s s a r f l v  me8n t h a t  a w e l l  io 
lamited t o  domestic or stock use 

T 
3 

4 Page 8-17 l a s t  paragraph -- I t  i s  Stated  t h a t  the 
bedrock d i p s  approvimatcly  1 degree However Page 2 
s t a t e s  t h a t  the  d i p  AS 2 degrees 

We hope t h a t  these comments a r e  h e l p f u l  Should you have any 
q u e s t i o n s  p lease contact  me a t  (303) 866-3585 

cc Ha l  Simpson, Flctmcr S ta te  Eng ineer  
Gary Baughman Colorado Department o f  Hea l th  Pocky F l a t s  U n i t  
Ron C a t t r n i  Evecutave D ~ r e c t o r  s O f f i c e  CDNR 

e.%&- 
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7 55 0 0  
2 5  
4 5  

Ls 3 0  
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SCREENED INTERVAL 

STAnC WATER LEVEL PUMPING WELL LD in 

f 
J 

2 5 . 0 7  
33 3 7  
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cUnits1 
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TESTSTARTTIME 
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1 

e 0 3 0  13 39 

ocr 

‘2.71 c) 3 5  0 028 

r2 23 
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